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EEPRODUOTIVB BIOLOGY OP THE AUSTRALIAN 
BUSH RAT, RATTUS ASSIMILIS 

BY 

J. MARY TAYLOR 

(A contribution from tho Museum of Vertebrate Zoology 
of tbo University of California) 


INTRODUCTION 

It is commonly assumed that the mammalian fauna of Australia is composed 
entirely of the two monotremes, the platypus and the spiny anteater, and the 
marsupials, which in diverse forms have come to occupy all parts of that continent. 
Actually, however, there are four orders of mammals native to Australia in addi¬ 
tion to the monotremes and marsupials, represented by the dugOHg, seals, bats, 
and rodents. All the rodents belong to the true rats of the family Muridae. This 
family, the only terrestrial group of eutherian mammals native to the continent, 
is represented there by two subfamilies, thirteen genera, and sixty-seven species 
(Tate, 1951). The degree of specialization and the number of endemic species 
within the Australian Muridae suggest that rodents have inhabited the continent 
for a long period of geological history. Unless the murids have undergone very 
rai)id adaptive radiation from their presumed Asiatic ancestry, it would not be 
surprising to find their remains in Australia, as far back as the Pliocene. 

Wherever marsupials are present on the continent, one or more species of murids 
are found also. The rodents are actually or potentially competing with marsupials 
for food and space; as a group they differ conspicuously in mode of living from 
marsupials only in their manner of reproduction. Of these two mammalian groups, 
the Muridae are reproductively much more efiScient in that they become sexually 
mature at a far earlier age and produce more generations of young per given 
unit of time. The actual mode of reproduction may not be less efficient in mar¬ 
supials (Reynolds, 1952), but their reproductive potential is lower. Undoubtedly, 
the very high reproductive potential of certain members of the Muridae is one 
of the reasons for their success in becoming cosmopolitan in distribution since the 
spread of modem man. 

Among the Australian murids there are thirteen endemic species of the genus 
BatiuSf all of which show a marked similarity to forms of the Malayan Archi¬ 
pelago and which probably represent the most recent infiltrations of murids into 
Australia prior to the advent of man. They are the most unspecialized of the 
native rodents and have the widest geographical range. 

Because there were no other terrestrial Butheria on the Australian continent, 
Australia must have offered a partial ecological vacuum to rodents when they 
arrived. Nevertheless, these native rats have not heavily populated the continent, 
at least not in historical times. The native murids are widespread, to be sure, but 
under normal circumstances they cannot be considered abundant. In fact, they 
tend to hold to a density rather lower than one might expect for the murids. Popu¬ 
lation outbreaks of rodents constitute a common worldwide phenomenon, and the 
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Australian murids are typical in this respect (Palmer, 1885; Cleland, 1918; Crom- 
bie, 1944). Sporadic outbreaks in Australia are rccog^uized in the cane fields of 
northern Australia and in pine plantations, but as McDougall (1946&:212) points 
out, “in normal years, even on farms at other times heavily intesled, rats exist 
if at all mostly in low densities.” 

It can be seen from McDoiigairs study (1944r/, 19446, 1944e, 1946a, 19466, 
1947, 1950) that the reproductive potential of at least some of the native Hailus 
of Australia is reasonably high, and yet, except for sporadic population peaks, 
the actual number of rats per given area seems depressed to a level much lower 
than one would expect the area to be capable of supporting. What form, or forms, 
this depressant takes and whether it is endogenous or exogenous or both is not 
suggested by McDougalhs ten-year study of B. conatus. Extensive knowledge of 
the breeding biology and ecology of the Australian rodents is essential to formu¬ 
late answers to these questions. 

Accordingly, one of the most common and widespread of the native Australian 
rodents, Baitus assimilis, was chosen in the present study for an investigalion 
of certain aspects of its reproductive biology in the field and under laboratory 
conditions. Battus assimilis was first described by John Gould in 1857, and later 
a more detailed morphological analysis of this species was made ])y Trough!on 
(1920). Now, more than a hundred years after Gould’s original description, the 
present investigation represents, so far as the writer loiows, the first long-1 (m*iu 
study of B, assimilis as a living animal. 

Acknowledgments 

The field work of this project was made financially possible by a Pulbright Grant 
to the University of Sydney and by the Fanny Bullock Workman Fellowship 
from Smith College. Gratitude is expressed to the late Mr. Frank J. Griffiths, 
Chief Guardian of Faima of New South Wales, who gi’anted a permit to live- 
trap mammals and who gave his wholehearted support of this type of work in 
Australia. I am deeply grateful to Dr. B. Elizabeth Horner, of Smith College, 
who led our field program in Australia and has offered many valuabh" suggestions. 

For permission to examine specimens, for museum data, and for fi(‘ld informa¬ 
tion, I wish to thank Mr. C. W. Brazenor of the National Museum of Victoria, 
Dr. Peter Croweroft of the British Mxiseum, Dr. J. L. Harrison of the (iiu^cuisland 
Institute of Medical Research, Dr. David H. Johnson of the United States Nat ioiial 
Museum, Dr. A. Goi'don Lyne of the Commonwealth Scientific and Industrial 
Research Organization, Mr. J. McNally of the Fisheries and Game Department 
of Victoria, Mr. George Mack of the Queensland Museum, Miss Viola Bchantz of 
the United States Pish and Wildlife Service, Mr. Ellis Troughton and Mr. Basil 
Marlow of the Australian Museum, and Mr. Hobart M. Van Deusen of the Ameri¬ 
can Museum of Natural History. 

Mr. Desmond O’Connor and Mr. Rupert Vallentine, of the University of New 
South Wales, very generously surveyed a segment of the trapping area to show 
precise locations of traps with reference to contour features of the land. 

Dr. Marjorie Nelson gave much valuable advice in the course of the laboratory 
project. Maintenance of the colony, housing facilities, and equipment were pro- 



Taylor: Beproductive Biology of Batins assimilis 3 

vided by the Museum of Vertebrate Zoology and the Department of Zoology, 
University of California, and by a University of California patent fund grant. 
Many helpful ideas and suggestions were oifered by William J. Maher, to whom 
I wish to es])ress my sincere thanks. I am indebted to Donald Isaac for assistance 
in photographic leehniqiies and for care of the rat colony for several weeks. Gene 
M. Chrisliiiau gave valuable advice and help in the preparation of the figures. 
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FIELD STUDY 
Geographic Distribution 

The geographic range of the Allied Eat, Battus assimilis, when described by John 
Gould in 1857 and again in 1863, was recorded as extending from northeastern 
Queensland to southwestern Australia. Since the native rodents were for the most 
part ignored by subsequent scientific investigators and since many of the pre¬ 
pared specimens were housed in foreign museums, writings which followed Gould’s 
descriplions were for many decades largely rewordings of his original interpre¬ 
tation. However, in 1925 Wood Jones wrote that he knew of no recent record of 
B, assimilis in the State of South Australia. He also pointed out that Gould did 
not recognize Battus greyi, which is widely distributed in South Australia and 
which is very similar to 2?. assimilis in appearance. With the exception of Eller- 
man (1949:62), who classified both greyi and assimilis as subspecies of Battus 
fitscipes, there is general acceptance of B. greyi as a full species. The acknowledg¬ 
ment of greyi as a species distinct from assimilis has altered the initially recog¬ 
nized range of assimilis, Troughton (1954) considered B, assimilis to have one 
of the widest distributions of any member of the genus native to Australia, and 
gave its range as the forest and mountain areas of eastern Australia from the 
Atherton Tableland in Queensland to Victoria. Tate (1951:326) recognized a 
Battus assimilis group within which he included R, greyi as a full species. He 
listed thi*(*e subspecies of 7?. assimilis: B, a, assimilis, found at Oympie, Queens¬ 
land, and southward to Victoria; R, a, coracius, ranging from Cairns and the 
Atherton Tableland to Paluma Eange west of Townsville; and B. a. manicatus, 
which ho described from the type specimen collected at Port Essington in the 
Northern Territory (fig. 1). Troughton (1954) appeared not to recognize the last 
subspecies. 

Owl-pellet specimens from southwestern Western Australia were tentatively 
assigned to Battus assimilis (Shortridge, 1936), and an immature specimen of B, 
assimilis was recorded from Fiji (Mumford, 1942). The specimen from Fiji, once 
called Mus huegeli, was synonymized with Battus exulans by Tate (1935) and 
later re-identified by Tate as B, assimilis (Mumford, 1942). The one Fijian speci¬ 
men in existence, taken in the 1890’s, “may have been unique or one of a very few 
[individuals] ... that failed to become established there.” The species “does not 
appear to have been taken since” (Mumford, 1942:214). 
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Fig 1. Map of eastern Aiistialia showing localities referred to lu te\t. 


There are few published range maps for any of the Australian mammak. Tate 
(1951), however, described the distribution of the Eattus assimilis group as 
roughly horseshoe-shaped. The present author prefers to omit the very tenuous 
recognition of B, a. manicatus and to visualize the distribution of the species as 
roughly a band along eastern Australia following the coast and invading inland 
mountain and forested areas. 
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The type specimen on which Gould based the species was obtained from the 
Clarence River in northern New South Wales. This area falls within the range 
of the subspecies Rattus assimiUs assimtlis. Field work in the present study was 
carried out at Pearl Beach 300 miles south of the type locality and is well within 
the present recognized distiibution of this subspecies (fig. 1). 

Study Area 

Certain blocks of Crown Land in Australia are now being set aside as wildlife 
reserves The area selected for the present study, Warrah Sanctuary, is such a 
reserve At the time of the study, September, 1954, to September, 1955, it con¬ 
sisted of 950 acres 

Warrah Sanctuary lies immediately north of the mouth of the Hawkesbury 
River in Qostord Shire, New South Wales The southern border of the Sanctuary, 
which IS the north shore of tlie Hawkesbury River, is bounded by the towns of 
Pearl Beach on its eastern limit and Patonga on its western limit (pi. 1). The 
area lies within an extensile Triassic exposure, the Hawkesbury sandstone group. 
The group consists mainly of siliceous sandstones and a few small lenticular beds 
of shale (Pidgeon, 1937). In many places the sandstone along the escarpment 
has been eroded into large \ertical blocks Warrah Sanctuary is part of a plateau, 
700-900 feel high, that extends north of Sydney along the coast and is deeply 
bisected by a drowned river-valley now occupied by Broken Bay and the Hawkes¬ 
bury River Weathering has etched many vertical cliffs and numerous steep gullies 
into an otheiwise rather level laud profile. The effect has been to break up the 
land into a mosaic of habitats. On Warrah Sanctuary alone the altitude varies 
from sea level to 878 feet, and there are extensive slope exposures in every 
direction. 

The sandy soils, derived from the Hawkesbury sandstones, are typically very 
shallow and retain little moisture. Harris (1956) maintains that the low moisture- 
retaining capacity of the soils is a major factor in the dominance of xeromorphic 
vegetational types, dcspile tlic moderately high average yearly rainfall in this 
district of more than 40 inches Rainfall is Xaixly evenly distributed throughout 
the year, averaging just })elow 4 inches per month. A slight peak of about 5 inches 
per month occurs from March thiough May, and the rainfall drops to about 3 
inches per month from August through November. 

The average temperaiui'o for the Sydney district, in which the study area lies, 
ranges from a mean minimum of 56 3° P. to a mean maximum of 71.1® F. (Com¬ 
monwealth of Australia, 1954). The temperature recorded at the study area during 
the period of field work ranged from a minimum of 33® F. (August 6, 1955) to a 
maximum of 101® F. (January 3,1955). 

According to Pidgeon (1937), two major types of vegetation are recognized 
in the central coast region of New South Wales: subtropical rainforest and Eu¬ 
calyptus forest. Rainforest is composed of plants primarily of Indo-Malayan origin 
(Beadle, 1954) and occurs in pockets, which are considered to be remnants of a 
formerly more extensive distribution (Pidgeon, 1937), where soils are moist and 
comparatively rich and where there is protection from desiccating winds. Eu¬ 
calyptus forest, however, is Australian in origin; the major families represented 
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are Proteaceae, Myrtaceae, Legnminosae, Epacridaeoae, and Pailcneeae. Of the two 
Yegetational types, Eucalyptus forest is by far the more extensive throughout this 
central coast area. 

Warrah Sanctuary is entirely covered with Eiicalypius forest, althougli some 
of the very moist gullies harbor a few species of the raiiiforesl element (])!. 2, a). 
One of the most common of these relics (or invaders) is tlu' cal)bag(‘"lr <‘0 palm, 
Livistona australis, a frequent creek-bordcM- associate in d<Mq) gulli(‘s of perma¬ 
nent streams. Even at stream borders, however, vegetation is essentially s(*lero- 
phyllous and therefore characteristic of the Eucalyptus forest vegetalional type. 

Eucalyptus and Angophora are the dominant genera of the TipptM* canopy. In 
gullies and other protected areas the canopy may attain a maximum lieight of 
more than 100 feet. Angophora sp. is common here. Tops and exposed slopes of 
hills characteristically bear an upper canopy of considerably less stature, often 
averaging less than 40 feet. Here also the trees are usually spaced farther apart. 
In some exposed areas the Eucalyptus element lias given way entir(‘ly to a low 
shrub layer. In the Sanctuary the most exposed areas tend to fa(*e the west and 
northwest and to hear low shrub. Pidgeon (1938) substantiates this observation 
with the explanation that strong winds iind sun exposure influ(»nci» the local vege¬ 
tation type. Each produces a desiccating elTcct. In llie southern heinis])lu‘re north- 
facing slopes are exposed to more sun than those fmnng south, and in the study 
area the strong desiccating winds come mainly from tlie west. 

Two other vegetational strata usually occur beneath the Eucalyptus (*anopy. 
The taller is a shrub layer 10-12 feet high. It is often a discontinuous, patchy 
layer, of variable density. Some patches in the study area arc so dense that they 
are almost impenetrable by man. The low shrub layer is 5 feet or loss in lioiglit. 
On the Sanctuary this layer is more extensive than the tall shrub layer when the 
upper canopy is tall. It is also highly variable in density. A ground cover of grass 
is uncommon here. Beneath the shorter stands of Eucalyptus a tall slivub lay(n' 
predominates, Pidgeon (1937) classifies this com])ination of vegetation types as 
“low scrub-forest” (pi. 2, h). It predominates on the oast-facing slopc^s of the 
Sanctuary. On high ridges and west-facing slopes it grades into low-growing shrub. 

Metiioo>s 

A 22-acre segment of Warrah Sanctuary was sele(*l(‘d as the study ar(»a. The 
eastern border of the segment coincided with the eastern bonier of the Samduaiy, 
and on this border it was separated from adjoining proi)erty by a 10-foot fire¬ 
break. A permanent stream flowed through the middle of tlie S(»gmen1. Major 
considerations in the selection of the segment were, first, the inclusion of several 
types of habitat and, second, the choice of a reasonably accessible area. The fire¬ 
break served as a line of north-south orientation and as a suitable place to chc(‘k 
the daily catch of animals. The comparatively high trap-yield of small mamrnfils 
near the stream led to the selection here of a small unit of one-quarter acre which 
was trapped intensively throughout the study. Trapping in the remainder of the 
segment was done in small sections, none of which were trapped continually 
throughout the study. 

Trapping was carried on for 145 days and 7,900 trap nights. The area of one- 
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quarter acre intensively studied was trapped for 96 days for a total of 5,096 trap 
nights. Live traps of four sizes were employed. Their inside dimensions were 
(a) 17% by 8% by 7 inches, (b) 9 by 3 by 3% inches, (c) 8% by 3 by 3 inches, and 
(d) 8 by 2% ])y 2% inches. The large^st trap was made of 2% by % inch wire mesh. 
The next largest was eouslructed of sheet metal, and the two smallest were of 
pressed wood except for a metal trap door. The last two were identical in con¬ 
struction except for size. All traps had an entrance at one end only. Traps of 
diff('i*cut sizes were set at random in the field; placement was generally not con¬ 
sistent from one time to the next. They were frequently set in pairs or in a line 
at 40-foot intervals. In the densest portions of the bush, wallaby trails often deter¬ 
mined the configuration of the trap line. Only in the quarter-acre unit was a 
grid pattern practical, and here it was often employed. The bait was a mixture 
of peanut butter, rolled oats, and honey or raisins. Occasionally sunflower seeds 
and nesting materials were supplied. All months except January, February, and 
June are represented in the sample. 

The following data were recorded for each animal captured: place of capture 
and trap number; sex; age estimate; weight; measurements of total length, tail, 
hind foot, and ear; for males, testicular descent; for females, vaginal perfora¬ 
tion and evidence of lactation or pregnancy. Ectoparasites were preserved. Field 
numbers were assigned and each animal was car-notched with a number symbol. 
The animal was released on the sanie day or on the following day at the point of 
last capture. Occasionally an animal was kept under observation for several days 
before release. 

Eesults 

Abundance,—In the 22-acre study area, 65 members of Battus assimilis were en¬ 
countered. Including both initial capture and subsequent recaptures, they were 
recorded in the traps a total of 182 times—a trap-yield of 2.3 per cent. The large 
wire trap, in 1,070 trap nights, yielded B, assimilis 16 times (1.5 per cent yield). 
The metal trap, in 1,338 trap nights, yielded 73 times (5.5 per cent). The large 
wooden trap yielded 85 times in 2,947 trap nights (2.9 per cent). The small wooden 
trap yielded 8 times in 2,468 trap nights (0.32 per cent). A few miscellaneous 
traps yielded nolhing in 77 trap nights. The foregoing figures indicate that the 
solid metal tra]> was the most efficient in the capture of B, assimilis. This trap 
did not swell in heavy rains as did the wooden traps, nor was it easily set off by 
rain or wind. Trap failure and the subminimal size of the small wood traps un¬ 
doubtedly account in part for the extremely low average yield of 2.3 per cent. 
With one exception, only subadulls were captured in these small traps. Excluding 
the small traps and their captures from the coxmt, the trap-night figure is lowered 
to 5,432 and the total yield is raised to 3.2 per cent. Even this altered figure is 
very low by usual standards. 

The paucity of mammals encountered is still more striking in that, according 
to trapping results, Battus assimilis appeared to be by far the most common of 
the small mammals in this area. These results plus field observations strongly 
suggest that the trapping figures reflect the actual field situation. It is therefore 
postulated that the population of B. assimilis of this area was thin, although not 
necessarily abnormally spai^sc for this species in its native habitat. The not uncom- 
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mon occurrence of B. assimilis in very low numbers is further suj^^estt'd by Me- 
Dougall (19465:228): “Although E. assimilis has a wide distribution the author 
has not taken this rat in the Mackay district. It is not eoneluded that the species 
does not exist in this district, but rather that, though trapping has l)e(‘n intensive 
in the correct habitat, years of very low densities have been eTU'ouniered.” In liis 
work with Cleithrionomys, Evans (J942) suggests that the ultimate survival of a 
species may depend upon habitats that will maintain only low densities, since 
high densities permit high predator densities and may load to the virtual d(‘struc¬ 
tion of the prey species. This hypothesis should be considered in \w\v ol* tlu^ low 
densities of B. assimilis which have been reported, altliough, in tli<‘ liglit of condi¬ 
tions in Australia, another hypothesis appears to the author to be more tenable, 
and is developed later in this monograph. 


TABLE 1 

Distance Between Points op Recai>ture 


Distance 
(m feet) 



Jtccaptuics 



Male 

Poinulo 

Total 


N 

Pci coui 

N 



IVi cent 


24 

37 6 

37 

66.0 

01 

50.8 


4 

6.3 

7 

12.6 

11 

9.2 

101-150. 

5 

7.8 

2 

3.6 

7 

5.8 

151-200. 

12 

18.7 

6 

10.7 

18 

15.0 

201-250. 

5 

7.8 

1 

1.8 

6 

5.0 

251-300. 

4 

6.3 

2 

3.6 

6 

5.0 

Over 300. 

10 

15.6 

1 

1.8 

11 

9.2 


Habitat preference ,—The bush rat seems to prefer the streain-lxmchu' habitat. 
A eeitain bias may be present in the data here, since mortj trails were set lu^ar 
the stream than in any other habitat. In terms of percentage^ of captures, how¬ 
ever, areas more than 100 feet from the stream were only O.OO per c(mt tdlVcdive 
(5,753 trap nights and 55 eaptxu’es), whereas tlie 100-foot band on either side 
of the stream was 5.9 per cent effective (2,147 trap nights and 127 eaptur('s). 
Distance between points of recapture indicates a modal wandeidng of 50 fc^td or 
less for both sexes (table 1); so a stream habitat seems to influen(*e the l(>(*al 
numerical distribution of this rodent. 

The foregoing does not imply that ready access to water is necessarily impor¬ 
tant. Battus assimilis is a ground dweller, and according to Brazenor (1930) it 
makes burrows beneath fallen logs, at the base of thick vegetation or beneatli its 
overhang. “As a rule the burrows are not deep; they slope gently down to an 
enlarged chamber in which is a nest of grass,... This rat leaves no noticeable 
tracks, for its runs seldom extend far from the mouth of its bxirrow and have not 
a well-used appearance’^ (ibid.:67). The advantages of the stream border to a 
ground-dwelling rat are the abundance of fallen logs resulting from ra])id stream 
erosion after heavy rainfall, and the moist and friable soil in which to form bur- 
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rows and establish a nest. In Warrah Sanctuary, an area of sandy, hard, and 
shallow soil, a stream habitat offering favorable cover for burrow systems seems 
to be of prime importance to this species. 

McDougall (1944&) states that the northern race Rattus assimilis coracius is 
confined to rainforest (“scrub”) and adjoining localities. If cane fields are ad¬ 
jacent to rainforest, this rodent will invade the cane, but “compared with the 
populations of other rats in cane, it is encountered in small numbers only and 
seldom more than 50 yards from its native habitat” {ibid,:i2). Although this 
rat will eat cane, it occurs in such small numbers in the fields that McDougall 
does not consider it an economic threat to the haiwest. The important point here 
is that its optimal habitat is rainforest, which seemingly offers the most suitable 
burrowing conditions for a ground-dwelling rodent that is structurally nonfos- 
sorial. McDougall (19466:162), once had a 50 per cent yield in virgin rainforest 
at Abergowrie, Herbert River district, the only area in which he found a concen¬ 
trated population of the species. 

Populations of Rattus assimilis assimilis have been recorded several times in 
pine plantations—an exotic habitat totally unlike anything offered by native Aus¬ 
tralian plants. Extensive plantings of pine (mostly Pinus radiata) have been 
made throughout eastern Australia in plots surrounded by native bush. Bracken 
is a common undercover in these plantations. Invasions of assimilis from the bush 
into the pine plantations in south Queensland and in Victoria (McNally, 1955) 
have resulted in extensive damage to trees. This rodent causes severe damage 
by ringbarking the trees. In such forested areas assimilis has been encountered 
recently in abundance (McNally, 1955, and in litt,)y and McDougall (19466) 
records visitations (= outbreaks?) of this species in forestry projects from 1932 
to 1934. To date these visitations have not been recognized as cyclic in nature. 
Here again the habitat, although artificial and simple in floral content, is espe¬ 
cially suitable for this rodent. When the ground is carpeted with pine needles 
and bracken, the surface becomes readily workable for a ground inhabitor lilte 
assimilis, McNally (1955) has found their burrows under rotted stumps and their 
runs in the underbrush. He feels that removal of this cover would eliminate 
the rats. 

The author docs not mean to emphasize unduly the importance of suitable bur¬ 
rowing habitat and its relation to the over-all distribution of Rattus assimilis. 
As in any species of mammal, a combination of factors governs the extent of its 
distribution. It is suggested here, however, that opportunity to establish burrow 
systems may have a very significant bearing on the local numerical distribution 
of this rodent. 

EAELT DEVELOPMENT OP THE YOUNG 

Field study of the reproductive biology of an animal is greatly facilitated by the 
establishment of a series of age groups. A basis for making age determinations 
in the field and for calculating an approximate growth curve was established by 
following the early development of a field-bred, laboratory-raised litter. A preg¬ 
nant female was held in the laboratory and five days later gave birth to a litter 
of three. Weights and measurements of this litter are recorded in table 2 and 
figures 2,3, and 4. 



BODY LENGTH IN MM. BODY WEIGHT IN GRAMS 


10 


University 
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AGE IN DAYS 

Fig. 4. Hind-foot lengths of a field-bred, laboratory-raised litter of Battus assimtlis 
and of a litter of Matius ratius. 


Day 1 (24-48 liom^s after birth): The young were pink and hairless except 
for small unpigmeiited mystacial vibrissae. Eye pigment was apparent through 
the closed lids, and eye slits were visible as slightly pigmented lines. Ear pinnae 
were closed, and the umbilical scar was prominent. Milk was clearly visible in the 
stomach. Males could be distinguished from females at this stage by the greater 
distance from anus to urogenital aperture (average distance 2.6 mm. for male, 1.7 
mm. for female). 

Day 2: Skin color was still pink but slightly darker everywhere except for feet 
and tail. One long vibrissa (interramal) measuring 4.9 mm. in length, extended 
from lower lip in midline region. The shorter mystacial vibrissae were apparent 
as a slight fuzz, and very short superciliary vibrissae were present. The scrotal 
region of the male was slightly pigmented, but the female urogenital area con¬ 
tained no pigment. No sign of mammary glands was apparent on the female. Ear 
pinnae were still folded and the umbilical mark was conspicuous. Teeth were not 
apparent, nor could they be felt. Palmar and plantar tubercles of the feet were 
prominent. 

Day 3: Skin was darker and more wrinkled. Ear pinnae were beginning to 
unfold or were free. There were several conspicuous submental vibrissae. No teats 
were apparent, but the umbilical mark was distinct. No teeth had erupted. 

Day 4: The young were darker dorsally and had acquired a very short fine 
covering of body hair. Ear pinnae were free, although ear openings were still 
closed. The umbilical scar was still evident. No teats were apparent and the teeth 
could not be felt. 

Day 5: The dorsum was more heavily pigmented. Slight pigmentation was ap¬ 
parent on the distal portion of the pinnae. The skin of the venter was more opaque, 
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for the milk-filled stomach was barely distinguishable. Ears and eyes were closed. 
The umbilical scar was present, but there was no sign of teats. 

Ba/y 6: The distal portion of each pinna showed distinct pigmentation. Con¬ 
spicuous swelling in the muzzle region at the location of the mystaeial vibrissae 
gave the animal a broad-snouted appearance. 

Bay 7: Tail and legs, from upper arm and upper leg, were still pink throughout 

TABLE 2 


Ghowth of a Field-Bred Litter of Rattus assimilis assimius 


Days old 

Weii?ht (grams) 

Hmd-foot length (mm.) 

Body length (nun.) 

Range 

Average 

Range 

Average 

Range 

Average 

1. 

4 

4 

8,5-8 8 

8.6 

55-59 

56 

2. 

5 

5 

8.9-9.3 

9.2 

60-65 

53 

3. 

5 

5 

9.6-9.6 

9.5 

52-56 

53 

4. 

5 

5 


10 3 

64-66 

55 

6 . 

6 

6 

lO.S-ll.O 

10.9 

67-69 

58 

6. 

6 

6 

11.6-11.8 

11.6 

58-60 

59 

7. 

6 

6 

12.2-12.3 

12.3 

60-63 

61 

8. 

6 

6 

12.7-12.8 

12.7 

60-65 

62 

9. 

7 

7 

13.0-13.1 

13.1 

62-65 

64 

10. 

7 

7 

13.2-13.6 

13.3 

64-66 

65 

11. 

7 

7 

13.7-13.9 

13.8 

63-66 

64 

12. 

7 

7 

14.2-14.3 

14.2 

64 06 

65 

13. 

7 

7 

14.M5.0 

14.7 

64-68 

66 

14. 

8 

8 

15.5-16.0 

16.7 

67-08 

67 

15. 

8 

8 

16.0-16.6 

16.3 

68-09 

m 

16. 

9 

9 

16.0-16.9 

16.8 

69-71 

70 

17. 

10 

10 

17.2-17.6 

17 4 

70-73 

72 

18. 

11 

11 

18.2-18.4 

18.3 

73-74 

73 

19. 

12 

12 

19.0-19.3 

19.1 

75-77 

76 

20. 

12 

12 

19.0-20.4 

19.9 

77 

77 

21. 

13 

13 

20.1-20.8 

20.5 

79 

79 

22. 

13 

13 

20.7-20.9 

20.8 

80-81 

81 

23. 

13 

13 

20.9-21.8 

21.4 

81-82 

82 

24. 

13-14 

13,3 

21.1-22.1 

21.7 

80-81 

81 

26. 

14 

14 

21.9-22.3 

22.0 

82 

82 

28. 

14 

14 

22.1-23.0 

22.4 

87-88 

88 

38. 


23 


24.5 


97 

42. 

20-24.5 

22,5 

26 

26 

95-98 

97 


their length, but the heel of the hind foot and the dorsal aspect of the tail were 
beginning to acquire pigmentation. Superciliary papillae and vibrissae were ap¬ 
parent for the fest time. The umbilical sear was evident, but there was still no 
sign of teats. 

Bay 8: Pigment had extended over the entire dorsum of the head and to pos¬ 
terior and lateral aspects of the hind legs, and there was a slight indication of 
pigment on the anterior surface of the wrist region. Hair tracts were distinctly 
visible. The longest facial vibrissae were unpigmented and measured 10 mm. long. 
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In addition to righting movements, which were evident from Day 1 on, crawling 
motions were first observed. 

Day 9: The young rats were assuming a soft slate-gray texture dorsally, rather 
than the previous dry wrinkled appearance, and body hair had erupted to a length 
of about 1 mm. Teals were readily discernible on the female. The umbilical scar 
was still apparent. Incisors had not erupted, although both upper and lower in¬ 
cisors were visible through the gums. The clitoris of the female was only slightly 
shorter than the penis of the male, and both structures were much larger and 
more protruding than the dark scrotal area of the male. 

Day 10: Eyes and ears were still closed. Genal and interramal vibrissae were 
now distinct. The umbilical sear was no longer discernible. Incisor teeth had not 
erupted but were conspicuous beneath the gums. 

Day 11: The dark head and shoulder region was tinged with brown middorsally, 
and the sides of the body were brown, leaving only the posterior middorsal region 
slate-colored and the venter unpigmented. Teeth had not erupted and ears and 
eyes were still closed. 

Day 12: The body hair covered the venter as well as the dorsum, giving the 
entire animal a fuiry appearance. The pattern of black and brown hairs gave a 
penciled effect to the dorsal pelage. Silvery hair on the upper surfaces of the feet, 
a trait retained throughout life, was now evident. Upper incisors had erupted, 
but the lowers had not penetrated the gums. The tail was finely covered by very 
short unpigmented hairs. The scrotal sac was now heavily pigmented. 

Day 13: Eyes and ears were still closed. Lower incisors were erupting, but in 
most instances had not pierced the gums completely. 

Day 14: The brown pigment of the body fur had extended posterodorsally; only 
the midrump region was slate-colored. The muzzle had darkened, and a short 
(one-eighth inch) but conspicuous dark line ran obliquely posterodorsally from the 
anterior end of the eye slit. Ear pinnae were pigmented except at the base. All 
incisors had erupted. Eyes and ears were still closed. For the first time the begin¬ 
ning of body temperature control was noticeable. The young rats retained a de¬ 
tectable degree of warmth during the time of observation, and made successful 
attempts to establish contact with each other while on the measurement table. 

Day 15: The darkened muzzle and “superciliary stripe’’ were less distinct. Eyes 
and ears wore still closed. Movements showed greater coordination, and the legs 
were pulled in under the body when the animals were at rest. Previously the legs 
had been splayed out to either side with the entire venter touching the substratum. 
Unsteady walking with the legs beneath the body and the raising of the body off 
the ground were first observed, as were washing and sci'atching movements. 

Day 16: Ear pinnae were finely furred to the extremities. Byes and ears were 
closed. Facial vibrissae wore unpigmented and measured up to 17 mm. in length. 
The rats walked about more, although unsteadily. 

Day 17: Eyes and ears were still closed. Body hairs of the venter were white- 
tipped and light gray at the base. A white pectoral spot in which the hairs are 
white from base to tip is not common in this subspecies; when it occurs it could 
be discerned at this age. In the northern subspecies, Rattus assimilis coracius, 
this pectoral spot is much more common. 
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Day 18: Byes and ears liad not opened. 

Day 19: Byes and ears were still closed, but ears were almost perforate. 

Da/y 20: One or both eyes were open, and ears had opened. Facial vibrissae 
ranged up to 24 nun. in length, and a pigmented base was discernible on some. 
Coordination was markedly improved. The rats were able to rest on their hind 
legs and wash their heads with both forefeet. They waUced actively and appeared 
to be aware of heights, for they would stop suddenly at the table edge. 

Day 21: Byes were completely open. The scrotal region of the male was rela¬ 
tively inconspicuous except for dark pigmentation. The rats ran about continu¬ 
ously and were able to climb out of the shallow weighing pan. Pace washing was 
a frequent activity. 

Day 22: Pelage was by now very dense and soft. Doml hair length averaged 
7 mm. The animals were exceedingly active while being measured, and rapidly 
recovered from slipping or falling. 

Day 25: Successful attempts at eating solid food (apple) were first noticed on 
this day. The ventral fur was by now soft and dense. 

Day 28: Ventral hair covered the anal region, which could not be seen without 
first brushing aside the fur suiTounding it. The vagina was closed. 

Day 38: Dorsal hair length averaged 30.5 mm., of which the basal S mm. was 
slate gi’ay and the distal tip was brown. The louge.st mj'stacial vibrissa was 40 
mm. long, the basal half of which was black and the distal portion white The 
vagina was closed. 

Day 4i: Dorsal hair length was the same as on Day 28. Along tlie dorsal and 
lateral portions of the body a new brown-tipped coat, the fnture aihilt pelage, 
was evident and measured 1 mm. or loss in length. The longest myslacial vibrissa 
was 44 mm. long. The vagina was perforate. Testes were abdominal in position. 

AGE AND GEOWTII 

The division of a population into a series of age groups is important to the und(>r- 
standing of the reproductive biology of the animal in the field. One of the most 
obvious aids in determining age is weight, which can be obtained with ease, 
rapidity, and accuracy. In rodents, at least, weight is a more accurate indicator 
during the first month than it is later. The length of the hind foot is perhaps a 
better age indicator from then on to the adult level, but it is difficult to UK'asure 
it accuratdy from a living animal. 

Using a scale of weights and measurements of a litter of known ag(‘, ohh'r age 
categories can be approximated with this scale as a base point. A combination 
of weight and hind-foot length is used to place field-caught individuals in one of 
three categories: juvenile (weight 30 grams or less, hind-foot length 27 mm. or 
less), subadult (weight over 30 grams and less than 50 grams, hind-foot length 
over 27 mm. and less than 31.5 mm.), and adult (weight 50-180 grams, liind-foot 
length over 31 mm.). 

These three categories, although arbitrarily defined by weight and measure¬ 
ment, were established to reflect in a very general way the i*oproduetivo status 
of the animal. The juvenile category is limited to rats less than V/^ moutlis old, 
and members of this age group show no evidence of reproductive activity. The 
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testes are abdominal in position and the vagina is closed or recently perforate. 
The juvenile pelage is grayer than the adult pelage and lacks long guard hairs. 
The erupting adult pelage may be seen in older individuals of this category upon 
parting the juvenile coat. The subadult category is difficult to define except by 
measurement. It covers the age period from about to 3 months. The animals 
are reaching sexual maturity at this time. The vagina is commonly perforate, and 
the testes are abdominal or descending into the scrotal region. There is no field 
evidence in the present study of breeding in this category. In the smaller indi¬ 
viduals of this group the adult pelage is replacing the juvenile hair and molt lines 
are conspicuous. The adult category is set up to include individuals over 3 months 
of age. Early in the adult stage there appears to be considerable gain in weight, 
although linear gain is minimal. Increase in hind-foot length is ordinarily not 
more than 3 mm. The testes are large and usually scrotal in position, and lacta¬ 
tion or pregnancy is common. 

Linear growth and weight increment can be influenced appreciably by condi¬ 
tions during capitivity. Leslie et al, (1952) demonstrated that in field-caught and 
laboratory-raised Battus norvegicus of comparable age the laboratory-raised ani¬ 
mals may weigh considerably less. The balance may also tilt in the other direction, 
as will be seen in the laboratory study of B. assimilis. Post-weaning age determi¬ 
nations are therefore estimated entirely from data from field-caught specimens 
in the present study. 

These three age categories, as recognized in the rat population in the field, are 
established and described from the examination of 61 field-caught individuals. 
Figure 5 shows the relation between weight and hind-foot length and the amount 
of variation. Tlie range of ages within the categories is based on the capture of 
two very young I’ats that were subsequently recaptured more than once over a 
period of several months. Their ages were approximated from the growth curve 
of the litter bom and raised in captivity (fig. 6). In dealing with these categories 
two assumptions nnist be made: (a) that there is essentially no seasonal variation 
in giwth rotes and (h) that a normal rate of growth is demonstrated by the two 
individuals used as the basis for the given age assignments. The first assumption 
is based on the fact that none of the data now available, admittedly few though 
they are, indicate seasonal variation in the growth rates of any of the Australian 
rodents. Harrison (1956) found no seasonal variation whatsoever in Malayan 
rodents, where, of course, the climate is very constant. The second assumption 
Is based on the low propoilion of recaptures encountered in the present study. 
The ages assigned to the categories arc necessarily approximate. There may be a 
disparity between the gi'owth rates of males and of females, as Harrison (1951) 
found in members of the subgenus Batius, but at present no distinction can be 
made from these field data. 

The youngest specimen of B, assimiUs captured was estimated to be 3^ weeks 
old (weight 13 grams, hind-foot length 22.2 mm.) by use of figure 6, and is thus 
assigned to the juvenile category. The eyes had been open for about four days; 
judging again from the laboratory-raised litter, this is the age at which solid 
food is first consumed. Whether or not the maternal nest was still being occupied 
by this young fiold-caught individual, its capture in a trap suggests that it was 
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foraging on its own and that weaning was occurring, or had occurred, at this time. 

On November 29, 1954, a juvenile weighing 25 grams and measuring 27 mm. 
in hind-foot length was captured and subsequently released. On April 3, 1955, 
the animal, now an adult, weighed 83 grams and the hind foot was 33.0 mm. long. 
In 18 weeks its weight had increased by 232 per cent and the hind-foot length 
by 22 per cent. The average growth I'atc per week over this period is 3 22 grams 
and 0.33 mm. in hind-foot length. On July 25,1955, the animal weighed 121 grams 
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Fig. 5. Age categories of Sattus osstmiUs in the field. The open circles represent females; 

the solid circles, males. 

and the hind-foot length was 34.4 mm. This represents a 45.8 per cent increase 
in weight and a 4.2 per cent increment in hind-foot length from the time of prev i- 
ous capture. Over this 16-week period the rat had increased in weight at the aver¬ 
age rate of 2.3 grams per week and 0.09 mm. in hind-foot length per week. 

A young rat when fii-st captured on May 6, 1955, weighed 30 grams and the 
hind foot measured 28.8 mm. When captured 11 weeks later, on July 24, 1955, 
it weighed 89 grams and the hind foot measured 34.0 mm. This animal had in¬ 
creased in weight by 200 per cent and in hind-foot length by 18 per cent. The 
increment is at the average rate per week of 5.4 grams in weight and 0.47 mm. 
in hind-foot length. By very definition, “average growth rate” may never repre¬ 
sent the actual rate of growth at any given time; but since rats are said to grow 
“fairly continuously and evenly, up to a certain size” (Harrison, 1956:7), these 
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AGE IN MONTHS 

Fig. 6. Qrowth-carre approximation of Sattvs assimilts in the field. 

figures give some idea of the degree of increase per given time unit from juvenile 
to young adult under field conditions. 

Minor -weight fiuctuations among fully adult rats, that is, those in which linear 
gro-mth has -virtually stopped, are common under field conditions. These fluctua¬ 
tions seem to depend mainly on daily intake of food and on pregnancy. Minor 
variations of less than 10 grams may be attributed to daily food intake. Parasites 
evidently play a very subordinate role, if any, in the weight fluctuations of healthy 
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individuals. The adults seem to reach individual weight equilibria from which they 
vary only slightly. Adults recaptured after an interval of two or three months 
usually weighed within 10 grams of their previous weight. Parturition accounted 
for one drop in weight of 16 grams. 

It is difficult to reconcile the trend of minor individual weight iliictuat ions with 
the enormous disparity in the adult weights of various individuals. Adult weights 



Fig. 7. Evidences of breeding in tie field. The open circles represent ax>proximato time at 
which yonng were bom, estimated from juvenile and snbadult captures; length o£ horizontal lino 
connecting with circle represents age estimate at time of capture. The solid circles are estimates 
from pregnant (P) or laetaldng (L) females, or are recorded births (Li). 

of essentially nongrowing individuals varied from 105 grams to 171 grams. Males 
tended to be heavier than females; the heaviest female weighed 157 grams, yince 
weight becomes a progressively less satisfactory age determiner from weaning to 
adulthood, and since fully adult animals tend to exhibit only minor variations, 
increase in weight is apparently most variable dm-ing the subadult and early adult 
periods. Although sex dififerenees may account for part of the disparity, the dif¬ 
ferential rate of weight increase in subadult and early adult stages, regardless 
of the sex of the animal, is important also and may actually reflect the relative 
nutritional intake of individuals at that time. Such modifleation in nutritional 
intake may be a function of local habitat differences or of seasonal changes in the 
vegetation. 
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BREEDING 

Information as to when litters are bom in the field is obtained from the capture 
of juveniles, subadults, and pregnant and laetating females. Age has been cal¬ 
culated for 15 young field captures. The maximum error in the age determina¬ 
tion of these specimens is estimated to be less than three weeks. The results, 
tabulated in figure 7, indicate that litters were produced during every month of 

TABLE 3 

Museum SPEaMBNS op Rattus assimilis assimilis 


AUSTRALIAN MUSEUM 


cf M1367. 

Burragorang Valley, N.S.W... 

Oct. 1898 

subadult 

c? M3843. 

Cuttcr*s Pass, William’s 

River, N.S.W. 

Oct. 1926 

subadult 

& M5109. 

Wahroonga, N.S.W. 

March 1931 

subadult 

9 M5525. 

Coolong, N.S.W. 

April 1934 

subadult 

cf M6737. 

Gympio, Qld. 

May 1940 

Nov. 1943 

subadult 

c? M6875. 

Mt. Irvine, Bell, N.S.W. 

subadult 

9 M6876. 

Mt. Irvine, Bell, N.S.W. 

Nov. 1943 

subadult 

c? M6900. 

1 

Mt. Irvine, Bell, N.S.W. 

May 1944 

subadult 


NATIONAL MUSEUM OF VICTORIA 


9 C1396. 

9 R12982. 

9 R12980. 

9 R12974. 

Wingan Inlet, Viet. 

Mansfield, Viet. 

Mansfield, Viet. 

Mansfield, Viet. 

Feb. 24,1946 
Jan 14,1932 

Jaa. 14,1932 
Jaa. 14,1932 

subadult 
subadult 
subadult 
adult, 3 embryos 

BRITISH MUSEUM 

d’26.8.1.14. 

9 26,3.11.161. 

Guy Fawkes Dist., N.S.W— 
Guy Fawkes Dist., N.S.W— 

April 6, 1924 
April 17,1924 

immature 

immature 

AMERICAN MUSEUM OP NATURAL mSTORT 

9 65878. 

Glen Femeigh, N.S.W. 

Sept. 27, 1921 

subadult 


the year except January and July. Brazenor, however, collected a female with 
three embryos on January 14, 1932, near Mansfield, Victoria (National Museum 
of Victoria, $ R 12974). In the museum collections examined juveniles and sub¬ 
adults are represented in aU months of the year except Jxme, July, August, and 
December (table 8). 

Breeding is then essentially nonseasonal, although there may be seasonal fluctua¬ 
tions in the amount of breeding activity in the course of a year. As many young 
are bom in March, April, and May as are recorded in all other months put to¬ 
gether (fig. 7), but whether this peak is real or circumstantial cannot be deter¬ 
mined without more data. At Pearl Beach the highest rainfall, however, coincides 
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with this three-month period. Harrison (1952:129) slates that in Malayan rodents 
“there is a tendency for an increase of rainfall to be aceompanicd by an in(*rease 
of pregnancy rate and vice versaP 

The evidence for year-round breeding in Batins assimilis becomes increasingly 
interesting in view of the fact that most of the native mammalian co-inhabitants 
of the area show a marked breeding season. The spiny anteater, Tachyglossus 
aculeatus, breeds once a year in winter or early spring, from Jxxne to September 
(Flynn and Hill, 1939). The yellow-footed marsupial mouse, Antcchinus fiavipcs, 
appears to breed only in late winter or early spring (Horner and Taylor, 1959). 
The brushtail possum, Trichosurus vulpecula, has two breeding seasons per year 
spaced about six months apart (Bolliger and Carrodus, 1939). The sugar glider, 
Petanms breviceps, breeds once a year (Troughlon, 1954) and so does the ringtail 
possum, Pseudocheirus laniginosus {ibid.). The long-nosed bandicoot, Peramclcs 
nasuta, however, breeds in every season with a suggestion of two ])(‘aks in the y('ar 
(Lyne, in litt.). The breeding season of the black-tailed wallaby, Wallabia bicolor, 
is unknown. (A 22-gram pouch young of this wallaby was re<‘orded from near 
Pearl Beach on December 22, 1954r.) Besides Rattus assimilis, the other endemic 
murid rodent present, Tlydromys chrysogastcr, breeds only once a yenr (Trough- 
ton, 1954). The introduced murids Rattus rati its and Mus mvsctilus probably 
breed throughout the year. 

In the Malayan climate, which is more uniform throughout the year than that 
of New South Wales, Harrison (1956) finds that then^ is no restricted l)re(‘ding 
season in the endemic Rattus, although certain ■fluctuations in breeding judivity 
may be coiTclated with rainfall. Davis (1953:380) states that “rats, unlike most 
rodents, are able to repr()du<*e in nature at all seasons of the year.” 

In the Australian situation it is interesting to speculate whether the continuous 
breeding activity of Rattus assimilis may not rci>rosent a genetic “relict” of their 
east Asian ancestry which the seasonal variations of this more southern climate 
have yet to “modify.” It seems likely, however, that breeding is coutinxious only 
for a given population as a whole; for individuals within a population, breeding 
periods followed by intervals of nonbreeding probably recur throughout the year. 
Since the periods are not in synchrony, there can be continuous production of a 
small number of young the year around, which may be of great selc(»tive value 
in the perpetuation of the species at a low density level. 

Litter size. —Some members of the genus Rattus have exceedingly large litters: 
those of R. norvegicus and R. (Mastomys) coucJia commonly consist of 12-15 
young. A few data were obtained on litter size of wild B. a. assmilis. Two field- 
caught females bore litters of 3 each in the laboratory, A pregnant female that 
died in a trap carried 6 embryos, 4 in the left uterine horn and 2 in the right. 
One museum specimen (National Museum of Victoria, $ R12974) contained 3 
embryos. 

Litter size in the field-caught Australian Rattus conatus varied from 3 to 7, 
with a mean of 6 (McDougall, 1946a). In the eight species of Malayan Rattus 
studied by Harrison (1956), the mean number of embryos per litter ranged from 
3.0 to 4.3. 

Sex ratio, —The sex ratio of individuals of Rattus assimilis captured over the 
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year was 34 males to 31 females. When an entire population of R. couatus was 
taken from an area, McDouqall (1946a: 40) found that trapped specimens in¬ 
cluded an equal number of males and females, and Harrison (1955) found a 50:50 
sex ratio in most of the Malayan members of Rattus. 

LONGEVITY 

In his work with Batlus conatus oC Queensland, McDougall (1946a: 11) states that 
“due to survival and movement of populations, a period of 101 days is the maxi¬ 
mum which can be expected for studying any particular rat in the field.” Of the 
JS. assimilis encountered in the present study, 50 per cent were captured only once. 
These were juveniles and subadults as well as adult specimens. The longest period 
over which a rat was followed in the jfield was 251 days. Three other individuals 
were followed for 100 days, three for 90 days, and the mean duration for the rest 
was 19.4 days. The last figure is partly influenced by the fact that 16.5 per cent 
of the rats died either in the trap or during the brief stay in the laboratory. 
McDougall (1946b) suggests that “shock disease” (Green and Larson, 1938) may 
account in part for deaths of Australian ground rats during trapping or handling. 
Whatever the cause may be, it was obvious in the present study that JB. assimilis 
was not as hardy to sudden environmental changes as was its relative B. rattus. 

Since the recapture data indicate movements of only a few hundred feet among 
rats encountered several times in the field (table 1), it seems likely that some of the 
rats were temporary or permanent residents in the area and others were transients. 
Both groups include young and adult animals. The sudden capture of fully adult 
unmarked specimens in an area which has been trapped extensively for several 
months points to the existence of transients. 

Extrapolating from the data on growth rates of subadults and young adults, 
it seems reasonable to conclude that the weight of 100 grams is usually attained 
by the seventh month if not before. Of the 46 adults encountered, 20 weighed 
more than 100 grams, which suggests that almost half of the adults were over 
seven months old. Therefore the normal life expectancy for those Battus assimilis 
assimilis which reach maturity in the field is estimated not to exceed a year. Other¬ 
wise we should expect a much higher percentage of adults in the category of 
those weighing more than 100 grams. Mack (m litt,) supports this statement; 
his impression is that the native Battus of Australia have a very short life span, 
perhaps up to a year. 


COMl>ARlSON WITH RATTUS RATTUS 

The introduced roof rat, Battus ratius, is distributed throughout most of Aus¬ 
tralia and, in addition to inhabiting areas of human civilization, it is reported to 
live and breed in the native bush. This rat occurred in and about buildings near 
the Warrah Sanctuary, on cultivated land, and on the marginal areas of the Sanc¬ 
tuary itself. During the present study, 19 individuals were captured, 13 of them 
near buildings or on cleared land, and 6 on the Sanctuary. At no time was JS. 
assimilis ever found near human habitation or on cleared land along with the 
B. rattus. Pour specimens of rattus, in turn, were trapped on the Sanctuary 
less than 50 feet from the firebreak adjacent to cultivated land, and two were 
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trapped in the native bush 225 foet from tlip firebi-oak. The overlap in oeenpied 
area between the two species of Raltus seems, therefore, to be fairly restricted. 

Although destruction of habitat is said to be a main factor contributiiv^ to the 
depletion of the native murine fauna, Brarenor (ItloO) and others express the 
view that an equally important factor is the actiml expulsion of all the native 
rats and their gradual replacement by the introduced Raft ns until the native 
species arc extinct. The present author believes that disturbance of the native 
bush is the primar’y factor in the depletion of R assmilis, whether oi‘ not tlie area 

TABLE 4 


Growth or a Ficld-Brbd Lirmn or Ratttis rattus 


Days 

Weight (grjjus) 

Hind-foot length (nun ) 

Bo(I^ length (iiirn) 

old 

Hange 

Average 

liiinge 

A\oi igo 

1{ uige 

A\ or ige 

0 

4-5 


8 3-8 7 

8 5 

53-59 

56 

2 




0 7 


54 

4 

8-10 

9 

12 0 

12 0 

59 

59 

6 

11-12 

11 

13 7 

13 7 

I 

05 

8 

13-16 
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is then invaded by B. rattus. If the bush is subsequently invaded, the presence 
there of B. rattus may perhaps accelerate this depletion; but in tlie area examined 
the “buffer strip” between cleared land and B. rattus veraus undisturbed native 
bush and B. assimHis was a narrow one and appeared to be at equilibrium through¬ 
out the year. 

The early developmental period of Rattus raltus is shown in table 4 and figures 
2, 3, and 4. It represents weight, body length, and hind-foot length of a field-bred 
litter of four which was bom and raised in captivity under conditions similar 
to those of the litter of B. assirnUis. On Day 1 the weights of the two species were 
about the same, but by Day 20 rattus weighed 133 per cent more than assimUis 
of comparable age, and hind-foot measurement of rattus was 34 per cent greater. 
As adults, however, the two species in this locality had about the same range of 
weight: for adult female rattus it ranged from 85 grams to 156 grams; for adult 
male rattus, from 99 grams to 201 grams. The hind foot tended to be a little longer 
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in adult rattvs. The pinnae began to open on Day 2 (Day 3 for assimilis), incisors 
erupted on Day 10 (Day 13 for assimilis), ears opened on Day 12 (Day 20 for 
assimilis), eyes opened on Day 14 (Day 20 for assimilis), and solid food was first 
taken on Day 18 (Day 25 for assimilis). Under comparable conditions the rate 
of growth and development in the pre-weaning stage is therefore considerably 
faster in R. rattns than in R. assimilis. 

Judging from the pre-weaning growth curves of the two species, Battus assimilis 
seems to be less reprodxictively efficient than R. rattus of the same area. It takes 
longer for R. assimilis to “launch” a litter, thus prolonging the length of time a 
helpless litter is subject to predation. (A large monitor lizard, Varanus varius, 
caught on December 25, 1954, regurgitated seven rats less than two weeks old.) 
Judging also from these data on growth and development, B. rattus probably 
becomes sexually matui’e sooner than B. assimilis, and, because of the shorter 
period of lactation, a female rattus can probably produce more litters in a given 
time than can assimilis. 

The author postulates, however, that a higher reproductive output would not 
necessarily be an advantage to Battus assimilis. In a marginal habitat of low pro¬ 
ductivity, maximum exploitation on a long-term basis may best be achieved by 
maintaining a fairly constant low population level. On the sandstone soils of Aus¬ 
tralia “there are no native annual species [of plants] ... because the nutrient 
levels of the soils are so low that an annual plant cannot obtain sufficient nutrients 
in a small period of time to suiwive from year to year” (Beadle, 1953:428). In 
a stable and nutritionally deficient habitat, of which Warrah Sanctuary is an 
example, the low density level of the rats, made possible by a relatively low repro¬ 
ductive rate and by the spreading of the reproductive effort over the entu’e year, 
may be of long-term selective advantage to these murids. 

REPRODUCTIVE BIOLOOT IN THE LABORATORY 

A study of the reproductive biology of Battus assimilis assimilis under laboratory 
conditions was begun from a nucleus of 31 rats live-trapped from the study area 
at Pearl Beach in August, 1955. They were sent by air to the United States at 
the end of that month ; 8 died en route or within two weeks after arrival. Two 
months after shipment from Australia, however, the colony of rats began to pro¬ 
duce offspring and continued to do so for the subsequent 30-month period. This 
record of the breeding of R. a. assimilis in captivity and a brief description of 
its housing and food requirements have already been published (Homer and 
Taylor, 1958). There appears to be no record in the literature of any previous 
attempt to breed this species in captivity. 

The 23 rats which survived the initial period of captivity in the United States 
were subsequently divided into two colonies: the larger (5 females and 12 males) 
gave rise to the breeding stock which provided the main source of data for the 
present study. The other colony (Smith College colony) was used for behavioral 
and anatomical studies by another investigator. Some of the data derived from 
the two colonies were exchanged; references to the Smith College colony, when 
used in the present study, are so designated. 
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Materials and Methods 

The larger colony, housed at the University of California, was set up to obtain 
the greatest amount of breeding activity. Except during pregnancy and lacta¬ 
tion, the colony was paired to the maximum. A complete life history was kept of 
every individual, and the rats were distinguished by the same ear-notching tech¬ 
nique which had been employed in the field. Sibling and parent-oiTspriug inalings 
were avoided except on rare occasions. 

A catalogue card recording parentage, date of birth, weight and linear growth, 
matings, and date of death was kept for each animal. Upon the death of a male, 
an autopsy was performed in order to record the position and weight of (he testes, 
weight of the epididymides and seminal vesicles, and to preseiwe the t(*stes and 
baculum; a gross examination of other organs was made. For a female, the mam¬ 
mary formula and the location of the teats, the condition of the Tiiammary glands, 
the presence or absence of vaginal perforation, and the number, position, and 
size of embryos were recorded; also included were the examination and preserva¬ 
tion of ovaries and uteri, and a gross examination of other internal organs. Total 
weight, total length, and measurements of tail, hind foot (including claw), and 
ear (from notch) were recorded for both sexes, and the adrenals were preserved. 
A museum skin and skeleton were prepared from every usal)le spe(dinen. 

The gonads of both sexes were preserved in Bouin^s fixalive. AfU'r 12 24 hours 
of presoiwation the testes were eut into qnarter-ineh sliees to allow maximum 
penetration of the fluid. A small ])ie(*e of testis was seetioned and (SK'h (*ompl(‘te 
ovary was sectioned serially. All sections were cut at 10-20 mi(*rons and stained 
with Delaficld’s hematoxylin and eosin. To test for male fertility, l)iopsi<‘s were 
occasionally performed by cutting out a small section of epididymis and prepar¬ 
ing a slide smear. Presence of sperm was detenniued directly from microscopic 
examination of a wet preparation or the smear was permanently ])repnred by 
allowing it to dry and then staining the preparation with Giemsa stain. Vaginal 
smears were obtained by flushing a drop or two of water into the vagina with a 
pipette. Care had to be taken not to irritate the vaginal wall with the pipette, 
since such irritation occasionally induced pseudopregnancy. Vaginal smears were 
dried and stained with Giemsa stain. 

Pseudopregnancy was electrically induced by two small platinum electrodes 
mounted in a plastic cylinder which could be inserted a quarter of an inch into 
the vagina. Electrical stimulus was supplied by two 1^/^-volt dry-cell batl('i»i(\s con¬ 
nected in series to an inductorium. 

The rats, which were usually very sensitive to handling, showed little a[)parent 
iU effect when handled in the following manner. A rectangular box made of hard¬ 
ware cloth and open at one end was placed over the caged rat, and a temporary 
door then covered the open end. The animal, thus captured, was under little 
restraint, since the box was large enough to allow it to turn around. A large bag 
made of fish netting was placed over the temporary door. Wlien the door was 
removed, the rat, with slight encouragement, usually walked from the box into 
the net bag, where weight, measurements, vaginal smears, and other records could 
be taken while the animal was only momentarily under restraint. Between brief 
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handlings the rat was free to move about in the bag. An additional advantage of 
this method was that the person handling the animal could more easily avoid 
being bitten and therefore did not need to be encumbered by gloves. 

Gross Anatomy 

3MALE RErRODUCTIVE SYSTEM 

The anatomy of the adult male genital system of Raitus assimilis assimilis is essen¬ 
tially like that of R. norvcgicus as outlined by Greene (1935), and so will not be 
discussed in detail. In sexually active adults the testes average 27 mm. in length. 
Variations of 3-4 mm. above and below this average correspond in general with 
the variation in total body size. The weight range is 2.0-3.5 grams per testis, 
averaging 2.4 grams, and the testes of a pair usually vary not more than 0.2 of a 
gram from each other. The testes of the adult, upon dissection, are usually pos¬ 
terior to the inguinal canal; however, the maximum degree of descent into the 
scrotum, as observed in the living animal, was frequently associated with sexual 
aggression toward the female. 

Average weight of an epididymis is 0.55 of a gram, with a range of 0.40-0.76 
of a gram. Bach of a pair of epididymides usually weighs about the same. Cranial 
and caudal portions of a single epidid 3 nnis are also approximately the same size 
and weiglit. Average weight of the seminal vesicles is about 1 gram, although in 
males of breeding condition the weight can vary from 0.63 of a gram to 2.37 grams. 

The ]">crineal region is sparsely covered with short unpigmented hair about 
8 mm. in length. Black i)igment covers the posterior part of the scrotal area and 
the pigment may or may not envelop the anal opening. In the specimens examined, 
this pigmented portion is consistently restricted in extent; the area averages 10 
mm. anteroposteriorly and 14 mm, from side to side. 

Average distance between penis and anus is 29 mm. The uneverted penis is 
8 mm. long, whereas in Ratius norvegicus it is 5-6 mm. long. When everted on a 
freshly dead specimen, the penis of R. a. assimilis is 15 mm. long from prepuce 
to tip and 23 mm. long from base to tip. In R. uorvegicus it is 9-10 mm. long 
from prepuce to tip and 23 mm. long from base to tip. 

Except for its additional length, the fleshy portion of the penis is very similar 
in its configuration to that of Ratius norvegicus as described and sketched by 
Argyropulo (1929:148-152). The distal portion of the penis contains a baculum 
composed of two distinct osseous portions (fig. 8). The basal ossification is either 
translucent or chalk white; there is no apparent correlation between this quality 
of the bone and the age of the animal in the adult category. Younger specimens 
wore not examined. The distal ossification is chalk white in all the adults examined. 

Average length of the baculum of Ratius assimilis assimilis, as determined from 
18 specimens, is 7.5 mm. (range 7.0-7.9 mm,). Measured from the dorsal face 
the proximal ossification averages 4.2 mm. in length (range 3.7-4.5 mm.) and 
from its ventral face, 4.7 mm. (range 4.2—5.0 mm.). The distal ossification aver¬ 
ages 3.1 mm. in length on the dorsal face (range 3.0-3.3 mm.) and 2.6 mm. on 
the ventral face (range 2.3-2.8 mm,). The basal ossification abuts its oblique end 
on that of the distal ossification, forming a slight angle between the two portions 
such that the entire baculum is slightly concave on its dorsal surface. The con- 
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neetion between ba&al and distal ossificatiojus is easily separated in tla* enursc of 
their preparation. 

Chaine (1926) states that the total length of the baenlum of il/»s ratlus (now 
Baitiis rattus) is 3 min. and that that of Mvs norvegicus (Ratlus norvcqicus) is 
5 min. Ilis figures, however, give no structural detail and even suggest that the 
distal ossification may not have been included in his measurements. Argyropulo 
(1929) gives no written dimension, but if the millimeter rule on page 150 is actu¬ 
ally sealed to the figure of the baculuin of R. noringievs on page 149, as is indi- 
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cated, the total length of the baeulum is about 3.5 mm. From this figure it appeai-s 
also that the baeulum of R. norvegicus has two osseous portions. The present author 
prepared several bacula from the Long-Evans laboratoiy strain of R. norvegicus 
and found that the baeulum averaged 8.5 ram. in total length. Despite the apparent 
range of variation in the total length of the baeulum of this specie's, a character 
which may not in itself distinguish it from R. a. assimilh, th(' bone appears to be 
considerably heavier at the basal end than is that of B. a. assimilii,, and it diffei-s 
substantially in the shape of the distal portion. 

Under laboratory conditions there is no correlation between the length of the 
baeulum and age in Rattus assimilis assimilis 5 or more months old. Measure¬ 
ments for this species were obtained from specimens 5-21 months old, averaging 
10 months old. A detailed account of the baeulum of this species is given hei*e, 
not only because it is an important sexual character but also because its con¬ 
formation may prove to be an important taxonomic aid in the further evaluation 
of the complex group of species of Rattus endemic to Australia. Burt (1936) sug- 
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gests that the baculum is, o£ the skeletal parts, one of the least likely to be subject 
to external stresses and strains and may therefore be most likely to reveal the 
true affinities of mammals, particularly at the species level. In anticipation of 
this it is hoped that future work with the Australian rodents will include the 
preservation and detailed description of the bacula. 

FEMALE REPRODUCTIVE SYSTEM 

The internal anatomy of the adult female genital system of Battus assimilis 
assimilis closely resembles that of B. norvcgicus (Greene, 1935). Bach uterine 
horn in the nonpregnant individual averages 24 mm. in length, the average vaginal 
length is 17 mm., and the avei’age ovary length, taken as an anteroposterior meas¬ 
urement, is al)out 4 mm. As in B, norvegicus, the periovarial membrane surrounds 
the ovary, thus making it highly unlikely for ova to disperse anywhere but into 
the oviduct. 

The external genitalia, however, in both male and female Battus assimilis 
assimilis differ markedly in some dimensions from those of B, norvegicus. Unlike 
that of B. norvegicus, the clitoris of B. a. assimilis is a conspicuous structure. 
The posterior aspect of the base of the clitoiis lies about 3 mm. anterior to the 
vaginal orifice, and the structure is 7-9 mm. long. In B. norvegicus, however, it 
is normally no longer tlian 4 mm. The clitori of eight specimens of B, a. assimilis 
were cleared in potassium hydroxide and subjected to an alizarin red bone stain. 
There was no evidence of an os clitondis in any of the pi'eparations, nor has this 
bone been found in J?. norvegicus (Simokawa, 1938). 

A sparse covering of unpigmented short hair covers the perineal region. The 
perineal skin may or may not contain black pigment, although in the females ex¬ 
amined this pigment was usually present. The pigment varies from individual to 
individual in extent, but it usually envelops the vaginal orifice, including the lips, 
and extends posteriorly to the anus, but rarely surrounds the anal opening. 

There is much disparity in the literature concerning the mammary formula of 
Battus assimilis. Tate (1936:523) under his B. assimilis group gives the formula 
as 0 - 2, which is interpreted as no pectoral teats and two inguinal teats on each 
side, a total of four. According to Tate (1951) he meant to give the formula as 
1 -- 2 = 6 in his 1936 publication. Tate (1951:201) then further corrects this figure 
and states that 2 - 3 = 10 is the mammary formula of B. a. assimilis and tenta¬ 
tively assigns 1 - 3 = 8 as the formula of B. a. coracius. The formula 2 - 3 = 10 is 
denoted by Tate (1951:201) as a group character for his B. assimilis group despite 
the fact that only one of the three subspecies of B. assimilis which he recognizes 
definitely agrees with this group generalization. B. a. coracius appears not to 
have this formula, and the teat count and arrangement are unknown for B. a. 
manicatus. It therefore seems misleading to make a generalization for this group. 

The importance of detei'mining the mammary formula from fresh material 
rather than from dried skins cannot be overemphasized. In nonlactating individ¬ 
uals particularly, the teats are inconspicuous even on living individuals, and in 
all adult specimens they are well concealed beneath the dense long ventral fur. 

In the present study the mammary formula of 39 specimens of Battus assimiUs 
assimilis was determined from the living or freshly dead animals, and invariably 



28 


University of California Publications in Zoology 

the count was 2-3 = 10. The spcehiiciis used all stem from one locality; so this 
does not preclude the possibility that the mammary formula of this subspecies 
may vary geographically. Variations from this count are recorded on a few nm- 
scum skins examined (American Mxiseum of Natural History, 05855, (>5863, and 
65875), but as the counts may have been made on dry skins, they are not seriously 
considered here, especially since the total number of teats in each of tlu\st> <*ouiits 
is loss than 10. 

That the mammary formula docs vary within a speedes of Ratfus is re])orted 
for R. rattus (Delano, 1924); and Bllerman (1949:189 190) lists several varia¬ 
tions of mammary count within species of this genus. Variation in R, 7-attus at 
even the sibling level was obtained in the present field study. Of the two females 
from a field-bred, laboratory-raised litter, one had the foi'inula 2-3 10 and the 

other 3-3 = 12. There is no uncertainty here in the count, since the tcjits were 
very conspicuous in young rats before the ventral body hair grow out. Tate (1951) 
feels, however, that the mammary formula of the endemic East Asian and Aus¬ 
tralian Rattus is more stable than Bllerman suggests. 

Not only is the number of teats constant in the Rattus assimilis assvnilis ex¬ 
amined in this study, but also their arrangement in the mammary line. Of 17 
females measured immediately after death whose body length (exidusivc of tail) 
ranged from 154 mm. to 198 mm., the teat arrangement was as follows. From 
the vagina to the posterior inguinal teat the straight-line measurement varied 
from 12 mm. to 18 mm., with the mode at 15 mm. From tliis teat to the middle 
inguinal teat the straight-line measurement varied from (i mm. to 13 rnm., with 
the mode at 9 mm. From the middle inguinal teat to the anterior inguinal leal 
the straight-line measurement ranged from 11 mm. to 22 mm., with lh(‘ m()(i(‘ at 
18 mm. The distance l)ctween the anterior inguinal t(^at ami the posterior p(‘ctoral 
teat varied from 31 mm. to 49 mm., with the mode at 41 mm.; and the distance 
between the posterior and anterior pectoral teats ranged from 18 mm. to 33 mm., 
with the mode at 23 mm. 

In a single individual, measurements of the right and left mammary lines were 
almost identical. The difficulty of obtaining precise measurements of external ])ody 
parts attached to the loose skin of the venter may in part account for the varia¬ 
tions in measurement. It is felt, nevertheless, that the maxiimim error in these 
measurements does not exceed 5 mm. The only measuremejit directly correlated 
with body length was the distance between anterior inguinal teats and posterior 
pectoral teats. 

The teats can be divided into two discrete units in a mammary line, llie inguinal 
set and the pectoral set, within each of which there is no direct spatial correla¬ 
tion with the total body length. Internally, however, mammary tissue may extend 
as a continuum from the abdominal to the pectoral region. This is particularly 
evident in animals which are lactating or have recently been lactating. 

Breeding Behavior 

As is customary in the laboratory breeding of many mammals, when members 
of Rattus assimilis assimilis were paired, the female was introduced into the cage 
of the male. The females usually exhibit stronger territoriality than do the males, 
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and when paired in this manner less conflict is likely to arise. When space per¬ 
mitted, both animals were introduced to a new cage, which seemed to further 
minimize fighting. 

Most of the pairing was done in daylight hours and no sexual activity was 
observed at this time, even among pairs which bred frequently and had been caged 
together many times before. Copulatory activity was seen only at night. The 
lights which were turned on for observation did not appear to inhibit their activi¬ 
ties seriously. Attempts at copulation, with the male mounted on the female, were 
seen frequently during the first two years of the study, only rarely during the 
third year, and nev('r during the fourth year. 

The male mounts tlie female with his forearms clasped about her lower abdomen 
and his ehin resting on her mid-dorsum, and when losing his grip or balance he 
repeats the mount immediately. The female may or may not exhibit lordosis during 
these attempts. When in lordosis she permits her hind legs and entire hind quar¬ 
ters to be picked up by the male while the male licks her genitalia. These attempts 
are frequently accompanied by the almost continual squealing of the female. Such 
copulatory activity may continue for at least 30 minutes. 

During the many observations made, however, not once was a successful coitus 
witnessed. Vaginal smears taken of these females the following morning only 
occasionally contained sperm. Also, a single pair may attempt copulation four 
or five nights in a row, with the female seemingly receptive on each of these 
nights. It appears then that copulatory activity, although not ejaculation, is 
practiced under captive conditions much more commonly than the frequency of 
sperm retrieval from the vagina would suggest, and that both members of the 
pai]* are stimulated into this activity regardless of whether the female is in estrus. 
Successful coitus, however, as detei’mined by sperm retrieval from the vagina, 
occurs only when the female is in estrus. No exception to this was found in the 
present study. 

The interscapular area and the adjoining nape of the neck appear to be associ¬ 
ated with behavior during sex activities. Both before and after attempts at copu¬ 
lation one rat will frequently lick or pull the hair of this region from the other rat: 
Such activity occurs repeatedly in newly mated pairs; one member will actually 
chew off the hairs in this region while the other remains crouched and often 
squeaking. The crouching rat rarely attempts to defend itself even when, as often 
happens, the skin is tom oS, The occurrence of badly damaged neck and scapular 
regions was surprisingly high (approximately 20 per cent of the matings) and, 
unless the pair were separated, the damage would usually be continued until the 
submissive partner was killed. 

This behavior occurred mostly at night and for brief periods; ordinarily there 
were four or five nights of such activity before the skin itself was attacked. Either 
sex may be the attacking member, but once the animals are paired, even after 
separation and re-pairing, the same member usually exhibits dominance. No evi¬ 
dence of hair cropping or skin injury of this nature was ever witnessed in the 
field, however; so both this and perhaps also the extra-copulatory attempts may 
stem from close confinement. 

The number of injuries in the neck region dropped significantly with the de- 
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crease in copulatory activity observed durinj^ the third ,\ear of captivity; and, 
in the fourth year, when no sex activity was ohs(*rve(l, there was also no occur¬ 
rence of neck damaj^e. Such correlation further substantiates the sucj^uestion that 
under captive conditions this damai»*e is a result of l)ehavior coniiecletl with sex 
activity. 

Behavior During Parturition and Lai^tation 
Parturition was observed only once. A foninle I’ivini? birth to lier first litter sat 
with her hind lcj>s ta<*ked under her, forelei>s in froni to support her body, and 
tail to the side. The first younj? one had cnieri^ed by 3:00 p.m., when the observa¬ 
tions l)ef?an. The second was seen oniori^inu: niinp first at 3:0(> i».m. As it wjis 
brought forth, the female turned from sidc^ to side and also turiUHl Ikt liead down 
over the venter and licked the young rat ns it was bein<» born, elust before it had 
completely emerged, the female stretched her body and nndcTweiit se\eral deep 
abdominal contractions. By 3:08 p.m, the newborn rat was free from the parent 
except for its connection to the unshod placenta via tlic umbilical cord. The female 
licked the 3 "oung rat intensively but did not pick it up. More abdominal contrac¬ 
tions quicldy followed and hy 3:09 p.m. the placenta was shed. The female imme¬ 
diately turned to the placenta and ate it and then aie the attached umbilical cord 
up to its connection with the young rat. AI 3:10 p.m., after the female^ had vig¬ 
orously licked her genital area, anotlun* young oiu^ was born rump first and 
emerged completely within ten seconds. The placenta was shed innnediatedy after 
birth. Again the foniale ate tlie placenta and the cord up to the attached yonng 
one and then washed it. 

Breathing raovemonts were observed in the young immediately after birth. None 
axipeared to bo enclosed in an amnion at birth. It is liighly probable that intensive 
licking of the young during birth liy the female ])i‘oke this membrane before* 
parturition was complete. The female made no vocal sounds during or after 
parturition. After the three young had emerged, the female assembled them In a 
nest and crouched over them, 

Lactating females spent a large part of the day crouched over their young. 
Whenever a young rat less than three weeks old wandered from the nest, or lost 
its hold on a teat when the female was wandering about the cage, the female 
would take it in her mouth and place it back in the nest. Young less than a week 
old were frequently carried by the head alone, which often bore small cuts and 
scars from this method of conveyance. When a female left the nest for any length 
of time she would arrange nesting material over the young and thus conceal them 
from view. This rearranging of nesting material continued until the young were 
three weeks old. 

The Male Cvclb 

Harrison (1955: 453-454) has found that some of the adult males of the Malayan 
Rattus mulleri, R. sabaniis, R, rajah, and 2?. wKiteheadi exhibit a seasonal cycle 
in sperm production. Prom October to March the testes of these individuals become 
reduced in weight and there is a decided increase in nonfertility; from April to 
September testicular weight increases and the proportion of nonfertile individuals 
decreases. These data are from field-caught specimens. McDougall (1946a), how¬ 
ever, finds that in the Queensland JS, conaius the male is capable of breeding 
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tlirouglioiit the year, and that breeding activity seems to depend on the condition 
of the female. The ascent of the testes of R. conatus in June and July under both 
laboratory and field conditions has no apparent effect on the fertility of the rodents 
at that time. Perry (1945) finds no evidence of seasonal variation in sperm pro¬ 
duction in the wild brown rat, R. norvegicus. 

In the present investigation the approximate size of the testes, as judged ex- 
tenially by examination of the scrotal region, was used as a gross morphological 
indicator of fertility for the living Ratfus assimilis assimilis. This was supple¬ 
mented for verification of the presence of sperm by occasional biopsies of epi- 
didymal portions. A few specimens were sacrificed at various times of the year. 
Sections wore made of the testes from all individuals upon death. 

The testes were approximately an inch long in all but two of more than 50 
adults examined, and these two rats were not fertile. Sperm were invariably 
retrieved from the epididymis of rats with sizable testes, and histological prep¬ 
aration of the testes showed evidence of active sperm production. There is no 
indication by these criteria that the adult male R. a. assimilis experiences a cyclical 
production of sperm in the laboratory. 

The testes appear to move from inguinal to scrotal position and back again 
from day to day. Regardless of the position of the testes, the introduction of a 
female into the cage usually elicits maximum testicular descent from the male 
at any time of the year. It is concluded that the male B. a. assimilis are, at least 
under laboratory conditions, continuously fertile throughout adult life. 

The Female Cycle 

THE ESTEOUS CYCLE 

The vaginal cycle. —The sexually mature female Battus assimilis assimilis expe¬ 
riences an estrous cycle averaging 4.5 days in duration. This cycle was determined 
from 1603 vaginal smears of 37 individuals. All but four cycles lasted 4-5 days. 
Of these four, three were 6-day cycles, of which one was the interval between 
postpartum estrus and the following estrus in a nonlactating individual. The 
fourth was a 3-day cycle between postpartum estrus and the next estrus in another 
nonlactating individual. There was no correlation between age and the fluctuation 
between the 4- and the 5-day cycle in actively reproducing females. The cycle of 
an individual varied between 4 and 5 days over a period of two or three weeks. 
McDougall (1946a) stated that the Queensland R. conatus has a 4-day estrous 
cycle with a maximum variation of 3-6 days. Long and Evans (1922) found that 
the laboratory rat B. norvegicus has a cycle of 4.8 days. 

Proestrus, characterized by the presence of nucleated epithelial cells of uniform 
size in the vaginal smear, lasts 10-14 hours. The lips of the vaginal orifice tend 
to be slightly swollen, the swelling being more pronounced toward the end of 
this stage. 

Estrus, typified by comified epithelial cells, lasts about 24 hours. The vaginal 
lips are swollen, and mating appears to occur at the early part of this stage only. 
Mating may even occur before many of the epithelial cells have become truly 
comified. In Battus norvegicus heat is more closely associated with the beginning 
of comification than with the end of it (Young et al, 1941). The latter part of 
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this stage in B. a. assimilis is probably eoniparablo 1o the Long and Evans Stage 
III, or Postestroiis Stage, for the loose eornified epitlielial eells and ])aveineiit 
nucleated cells are very abundant and mating does not usually occur. 

Metestrus, the stage at which cornifiod cells and leucO(*yt<vs are retruwod from 
the vagina, lasts not longer than 10 hours and usually less. The lips of the \agina 
have lost their swollen appearance at this stage. 

Dieslrus, characterized by the ])resence of leucocyt(‘s and iiu(deate<l epithelial 
cells, usually lasts 50-G() hours. The vaginal lips are not swollen at this time. 

The foregoing data were obtained from four rats in prime adult condition. 
The data indi<*ate that in both total length of cycle and in stages witiiin tin* cycle, 
Battles assimilis assimilis has an estrous cycle very similar to that of It. norvegievs. 

Long and Evans (1022) maintain that the ocearr<m(*e of a regular (*strous (*ycle 
in Battus norvegicus is a manifestation of the animal’s physiologi(*al well-being. 
If this be true also for B. a. assimilis, it may explain the increasing disi)lay of 
grossly irregular cycles during the third and fourth years of t he colony’s oxisteiu*e. 
Even animals less than a year old tended to exhibit long periods of eornified eells 
only, or five to ten days of cornifieatioii terminated by a day or two of leueoeytes 
and epithelial cells and then another interval of eomplele cornifieatioii. Vitamin 
A deficiency will induce permanent cornification of the vaginal mu(*oiis membrane 
ill B. vorvtgicus (Evans, 1928). No tests were made for this <leficiency in B. a. 
assimilis. The diet on which the animals were maintaiiu'd, l)i(‘l I (Nelson <1 al., 
1955), however, contains 1 p(M' cent fish oil, a Vitamin A 1) concentrate. Whatever 
the cause, smears of noncyclical nature were retrieved during the latter f)ar( of 
the colony’s existence, and breeding activity ceased by the lime the colony was 
in the latter pai*t of its third year. 

The uterine (yelc .—The histological changes of the uterus of Raltus assimilis 
assimilis associated with the estrous cycle ap])ear to be very similar to those 
described for B. norvegicus (Long and Evans, 1922) and so will not be dis(mss(‘d 
further. Maximal uterine distention occurs at estms; the lumen is then filled 
with fluid. After estrus the diameter of the uterUvS is reduced 50 per cent or more 
and then builds up to the next estims. This is in accord with observations made 
on B. norvegicus. 

The ovarian cycle .—The average number of corpora lutea associated with a 
single estrus is 7, but there may be as many as 11 or as few as 3. A single ovary 
may yield from 1 to 7 per cycle (pi. 3, J). A fully formed corpus lutemm im^asures 
1 mm. or more in diameter and a fully formed follicde measures ().8-().9 mm. 
These data were obtained from gross examination of fresh ovaries and from serial 
sections of paired ovaries of 19 rats which were exhibiting regular vaginal cycles. 

Although it is possible that more than one generation of corpora lutea was 
represented in some counts, the author feels reasonably sure that this did not 
occur. The corpora lutea change in texture as they age (Hall and Davis, 1950), 
and the only time when two sets of corpora lutea are likely to be comparable in 
size is on the day following an ovulation. 

Perry (1945) states that for the wild Batius norvegicus the number of corpoi'a 
lutea in the ovaries corresponds exactly with the number of ova released. This 
appears to be true for B. a. assimiUs also, since in two counts of newly implanted 
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embryos the number of embryos in each uterine horn was identical with the 
number of the most recently formed corpora lutea of the corresponding ovary. 

POSTPARTUM ESTRUS 

One estrus, the postpartum estrus, usually occurs between parturition and the 
onset of lactation anostrus. Vaginal smears were taken on Day 0, the day of 
parturition, after 16 parturitions, and once every succeeding 24 hours. The data 
were obtained from 32 individuals and the smears continued for six days after 
each parturition. Postpartum heat was recorded for 13 of these 16 occasions. On 
the three times in which estrus was not found it is possible that the animals 
went through heat during one of the intervals between smears. Since the average 
length of postpartum heat in Battus norvegicus is 10 hours (Asdell, 1946), this 
supposition seems reasonable. The average duration of postpartum heat in B. a. 
assimilis was not determined, but it appeai‘s to be less than 24 hours, for comified 
smears were never obtained on successive days at this time. 

The time of onset of postpartum heat varies appreciably in Battus assimilis 
assimilis. Postpartum heat was never recorded on the day of parturition. It 
occurred six times on Day 1, five times on Day 2, and twice on Day 3. The mean 
interval was 1.7 days, or about 41 hours after parturition. This differs markedly 
from B. norvegicus, in which the average interval was 18.5 hours, ranging from 
4 hours to 36 hours. That ovulation accompanies this postpartum heat was con¬ 
firmed seven times in the Smith College colony when the female was successfully 
impregnated during this heat and subsequently bore a litter. In females whose 
litters die between parturition and Day 5, the interval between postpartum estrus 
and the following estrus may fall short of or exceed by one day the regular 
estrous cycle of 4-5 days. 


ANESTRUS 

Lactation anestrus .—The very high loss of litters in the present study discouraged 
more than minimal disturbance to the lactating females; therefore, only four 
records were obtained during lactation. Each of four individuals exhibited a 
period of lactation anestrus after the postpartum heat. Lactation anestrus, typified 
by leucocytes and a few epithelial cells in the vaginal smear, is here defined as the 
period from postpartum estrus to the onset of the following estrus. The shortest 
interval of lactation anestrus was 20 days and the longest was 24 days. All litters 
were of three or four young; so the effect, if any, of litter size on the duration of 
lactation anestrus, as reported for Battus norvegicus, was not detectable. In fact, 
there was a litter of four in the 20-day interval, and a litter of three in the 24-day 
interval. This 20- to 24-day interval is shorter than the lactation anestrus of B, 
norvegicus, which may last 25-40 days after parturition (Long and Evans, 1922). 
The disparity in the length of lactation anestrus in the two species may be 
correlated with the normal litter size of each species; B, norvegicus usually 
raises at least twice as many young as B. a. assimilis. 

Lactation anestrus is of common occurrence in members of the family Muridae 
(Asdell, 1946), to which these rats belong, but the other Australian murid for 
which reproductive data are known, Battus conatus, does not experience lactation 
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anestrus (MeDougall, 1946a). M(*lloui,^all stales that Ihoro is no intorrui>tion 
of ovulation or cstrus during lactation in the wild R, conafus. 

Nonlactation anestrus .—During the first two years of tlie colony’s existence, 
when the females were at the hciglit of breeding fictivity and going Ihrough 
normal estrous cycles, muUiparous individuals would occasionally enter p<‘riods 
of anestrus lasting 10-44 days. These periods freciuently followed soon after the 
weaning of a litter. Brainhell and Da\is (1941) found such aneslrous periods 
in Battus {Mastomys) concha, particularly after an interval of active breeding, 
and considered them to be resting iieriods. Whereas in It. concha these periods 
are associated with seasonal hreeding inactivity, in R. a. a.ssimilis there is no 
correlation between season and the onset of anestrus hi the laboratory. No data 
of this nature are available for these rats in the field, however. 

These periods of anestrus must be interpreted with caution: no proof is avail¬ 
able that they are normal, even in the laboratory eolony. It is possible that the 
very mechanics of taking a vaginal smear may stimulate the rat into pseudopreg- 
naney. Yet the fact that these anestrous periods exhibit a wide range in duration 
supports the view that they are normal. In the electrically stimulated ps(nido- 
pregnant rats, in contrast, the duration of anestrus appears to be narrowly 
restricted. 


I\SEUDOPIiKONAN(5 Y 

Pseudopregnancy was induced in five females after electrical stiniulalion of the 
vaginal wall and ceiwix when they were in estrus. The pscuidopregnant eyede 
lasted 15-17 days: in two rats for 15 days, in two for 16 days, and in one for 
17 days. According to Shelesuyak ct al. (1940) the length of pseudopregnancy 
in Ratius norvcgicus when the vagina is el<‘ctri(*ally stinndaled is 1 days; 
Long and Evans (1922) report the modal length of the cycle to be 12 11 days. 
From the small sample used it would appear that R. a. assimilis has a longer 
pseudopregnant cycle than does B. norvegic%is. Pseudopregnancy could not, how¬ 
ever, be induced in jB. conatus by artificial stimulation (McDougall, 1946a). 

In the four cases of infertile copulation recorded from Battus cLssimiUs assimilis, 
where sperm were retrieved from the vagina but no pregnancy ensued, it was 
surprising to find that pseudopregnaney was not induced. Since these infertile 
copulations were recorded only in the third and fourth years of the colony’s 
existence, it is possible that the females were not physiologically normal. Two 
of these copulations were preceded by anestims and two by I’cgular cycles accord¬ 
ing to readings from the vaginal smears. 

STERIUS CTOLE 

Following the time of vaginal perforation in young Battus assimiUs assimilis, 
the animal may or may not exhibit a normal sequence of vaginal cycles. In three 
of eight animals examined, the normal vaginal cycle was initiated immediately 
after the perforation of the vagina. In the other five the normal cycle did not 
occur until 14-22 days after vaginal perforation. In all eight animals some irreg¬ 
ularity, in the form of several successive days of cornified smears or several 
days of epithelial cells and leucocytes in the vaginal smear, was exhibited at 
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some time between vaginal perforation and the subsequent four-week period. 
Although males were made available upon female puberty, no occurrence of 
pregnancy was ever noted at this time. The irregular cycles and lack of pregnancy 
during this interval suggest that after vaginal perforation a period of sterility 
occurs which may last a month or less. 

McDougall (1946a) found that in Battus conatus ovulation occurs 
weeks after vaginal perforation. Long and Evans (1922) report that the first 
fertile copulation occurs, on the average, 16 days after vaginal perforation in 
B. norvegicus, and that ovulation may or may not coincide with the opening of 
the vagina. Greenwald (1956) describes the sterile cycle associated with puberty 
in Microtus californicus as a “tuning-up” stage before a balance has been estab¬ 
lished in the pituitary-gonad relationship. This is probably the explanation for 
the sterile cycle in B, a. assimilis as well. 

GESTATION 

The gestation period is here defined as the interval between the time of retrieval 
of sperm in the vagina and the time of parturition. In Battus assimilis assimilis 
the gestation period lasted 22-24 days as recorded a total of 20 times in 15 rats. 
The average gestation period is 22.8 days and the mode, incorporating 60 per 
cent of the individuals, is 23 days. Long and Evans (1922) report that 90 per 
cent of the B. norvegicus tested have a gestation period of 21^-22 days, with 
an over-all average of 21.8 days. The gestation period in B. conatus lasts 20-27 
days, with the modes occurring at 21 days and 22 days. 

The longer gestation period of the laetating female Battus assimilis assimilis 
suggests that delayed implantation of the embryos, which causes prolonged ges- 
talion in B. norvegicus (Krchbiel, 1941), is encountered in B. a. assimilis also. 
When the female is nursing a litter from birth to weaning, the inter%"al between 
births ranges from 28 days to 32 days. The size of the nursing litter may influence 
the length of delay before implantation, since the largest nursing litter (six) 
was associated with the 32-day period. A litter of four, however, coincided with 
a 28-day period, and a litter of three with a 30-day period; so perhaps the influence 
of litter size is negligible below a certain number. A 25-day gestation period was 
recorded with a nursing litter of five, which declined to two 6 daj^ after birth, 
to one 7 days after birth, and to none 11 days after birth. A 23-day gestation 
period was associated with a litter of four, which declined to three 9 days after 
birth and to none 10 days after birth. On two other occasions when litters of 
five and seven young were born and then died or were removed 6 days and 4 
days, respectively, after birth, the pregnant female gave birth to the next litter 
■witliin the normi period of gestation. It appears, then, that the gestation period 
of a laetating female’s litter is not affected by the existence or size of the nursing 
litter until after the first week of pregnancy. These data are taken from the 
Smith College colony where, unlike the situation at the University of California 
colony, the male remained with the female during her postpartum heat. 

Three nonlactating females were sacrificed in order to determine the time of 
implantation during the regular gestation period. No implantation of embryos 
had occurred in the female sacrificed on the fifth day of pregnancy, but both 
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fmales sacrificed on the sixth day of pvpt>nanc‘.v had ('Uihryos iitiplanled in the 
uterine wall. The sixth day is also the time at whiidi implantation occurs in liattus 
norvegicus. The time is not known for B. conatm. 

PABTURtTlON 

The time of parturition, within six hours, is known for 65 per cent of the liltcra 
bom in captivity. Parturition tends to he associated with a particular period 
in the daily cycle of Rallv^ assimiliH a'ii<‘imilts, for 80 per cent of the time-recorded 
births occurred between 2 I'.m. and 8 r.M. Asdell (101(5) reports that parturition 
usually occurs ui the afternoon in R. norvegicus and least oftem betwecni inidui<>ht 
and 6 a.u. 

The sexes were recorded of all youna suiwivim* the fiist 2t hours. There were 
51 males and 52 females, a ratio determined from survivors of 5(5 litters; 41 
other litters are known to have been pi'oduced, but they were destroyed imme¬ 
diately after birth or soon thereafter, and no sex determinations of these could 
be made. The 50:50 ratio of younsj produced in the laboratoiy aarrees with the 
ratio obtained from the population of adults in the field, and thi'rc is nolhingf 
to sug!?est that under natural conditions the ratio would deviate markedly from 
this point. 

The number of young per litter, as determined from the examination of litters 
on Day 0, ranged from 1 to 7 for 79 litters, with an average of 3.81 per litter. 
The mode, incorporating 24 per cent of the litters, was 1. From the remains of 
yoTing found in the cages, 18 other litters are known t() have i»e(>n produc(‘d. 
Tn the Smith College colony 24 litters were is'coi’ded, averaging I 21 jonng p<‘r 
Utter. The lower liniiks of the range may well b(' inlbumced by the destruction 
of one or more young soon after birth. 

Examination of a few pregnant females suggests that the prenatal number 
of embryos is slightly higher: a maximum of 0 newly implanted cmbryo.s was 
recorded in one instance; 6 newly implanted embryos were also recorded, and a 
field-caught animal was carrying 6 embryos judged to be about two weeks old. 
The average number of ova shed per estms is 7 according to the corpora lutea 
count, and ranges from 3 to 11. In Rattus norvegiom loss of ova and fetal atrophy 
reduce the potential litter size by about one-third (Long and Evans, 1922), and 
by at least 25 per cent for shore-dwelling wild B. rattus (Watson, 1950). The 
number of ova shed and the number of early embryos compared with the number 
of young produced at birth suggest that loss of ova and/or fetal resorption account 
for a prenatal loss of about 40 per cent in B. a. assimilis. 

Within the genus Rattus, B. a. assimilis falls in the lower end of the spectrum 
in average number of young per litter as well as in maximum number known 
to he produced. In this respect it resembles B. exvlans, a widespread Indo-Paeifio 
rodent, and also many of the Malayan species of Battus (Harrison, 1955). The 
common Queendand cane rat, initially identified as B. eulmorum and later as 
B. conatus (Troughton, 1939), has an average litter size of 7.5 (Card, 1935:598) 
for the first pregnancies and under captive conditions an over-all average of 
5.2 (Sawers, 1938:1093); in the field it averages 6.0 (McDougall, 1946a: 85). A 
litter of 14 has also been recorded for this species (Sawers, 1938:1098). 
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The small range in litter size of B, o. assimilis is doubtless one reason for 
setting it apart from B, conatus as an animal that experiences very limited fluc¬ 
tuations of population size within a short interval of time. B. assimilis has to 
date never been reported to occur in the sporadic plague numbers comparable to 
those of B. conatus (McDougall, 19446). 

LACTATION AND WEANING 

The female Battus assimilis assimilis begins to nurse her young soon after par¬ 
turition, and usually within eight hours after birth the young have milk-fllled 
stomachs. All teats are ordinarily in use except when the litter size is reduced 
to less than three. Then the pectoral set, or part of it, is abandoned. When the 
litter is reduced to one during the first weeks the stimulus to maintain 
lactation drops below the threshold; the female, with rare exception, ceases to 
produce milk and the young rat dies. 

The female normally lactates for the first 3 weeks after parturition, and lacta¬ 
tion does not taper off until the litter is in its fourth week. If the young are 
removed at 21 days, they may lose as much as one-quarter of their body weight 
during the next few days. The young have just begun to sample solid food at 
this time and their physiological adjustment to a completely solid diet is sub- 
optimal at 21 days. The death of a litter of four when 4^4 weeks old was probably 
due to their inability to adjust to a solid diet, for none had gained weight after 
removal from the parent at 21 days. However, when the young are removed at 
3^/4 weeks or at 4 weeks after birth, they decline in weight, if at all, only a gram 
or two and then continue to gain weight; when the young are kept with the 
female indefinitely they are not seen to nurse after the fourth week. Thus, at least 
under laboratory conditions, weaning occurs in the latter part of the fourth week 
after birth. 


Colony Size and Eepboductive Success 

Comparison of the two colonies. —The University of California colony and the 
Smith College colony of Battus assimilis assimilis, although fed and housed under 
different conditions (Horner and Taylor, 1958), show striking similarities in 
their pattern of growth and decline. Both colonies began to breed within three 
months of their arrival in the United States, and both increased in size to a 
certain point and then declined immediately; the peak in size occurred at about 
the mid-point in time of the colonies^ existence. Litters were produced for two 
years in the Smith College colony and for three years in the University of Cali¬ 
fornia colony. After that, absolutely no breeding activity was observed in either 
colony. In both colonies there was a sharp drop in rate of litter production before 
maximal size was attained (fig. 9). Only 17 per cent of the third generation of 
females produced young, whereas 67 per cent of the parental (wild-caught) 
females, 75 per cent of the first generation, and 61 per cent of the second genera¬ 
tion produced litters. Not only did the litter production of the third generation 
of females decline markedly, but the combined litter production of parental, first, 
second, and third generations dropped off as the colonies grew older. This suggests 
that whatever cumulative deficiency, dietary or otherwise, might have caused the 
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Pig. 9. Eolation of Utter production to colony size. Stippled area rcproaonla nuiubor of litters 
per month; clear area, number of rata in tb<» colony x)er month. 


reproductive decline, the deficiency was a function of lime and was exhibited in 
a single individual as well as in successive generations. 

Seasonal variation ,—Breeding occurs throixghout the year under laboratory 
conditions. Evidence has already been presented that lirooding occurs during 
every month of the year in the field, with the possible exception of July. If under 
laboratory conditions there was a differential output of young which could be 
correlated with the season of the year, it was masked by the rapid growth and 
decline of each colony. Reproductive effort may increase at the time of maximum 
rainfall in the field, but this seasonal increase is probably a response to rain¬ 
fall or to some other environmental factor, since it was not duplicated in the 
laboratory. 

Breeding age ,—^The vagina opens between 35 days and 57 days and at an average 
of 46 days. Body weight at this interval varies from 37 grams to 73 grams and 
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averages 56 grams. Perforation of the vagina is not a sign that sexual maturity 
has been attained. Females less than 50 days old, regardless of the condition of 
their vaginae, have not begun to ovulate and have not exhibited regular vaginal 
cydes. The periphery of the immature ovary contains many small follicles meas¬ 
uring up to 400 microns in diameter (pi. 3, a) . Ovulation usually begins early 
in the third month and is accompanied by a stabilization of the vaginal smear 
pattern to a scries of regular cycles. Only one female was successfully impreg¬ 
nated before the third month and she bore a litter when 68 days old. Another 
female bore her first litter at 86 days of age and another at 93, but these were 
exceptional eases. The average age at which a female produced her first litter 
was 4y2 months, as determined from 27 females raised in captivity. 

The average age at which a female ceased to produce young was 12 months. 
The oldest female to bear a litter was a field-caught animal which gave birth 
24 months after she had been removed from the field as a young adult. Three 
females bore litters at 16 months of age. There seems to be no direct correlation 
between the age at which breeding ceases and the number of litters produced. 

The average life span of females in captivity is 16 months; the longest life 
span recorded for a laboratory-bred female is 35 months, and for a field-caught 
female 37 months in captivity plus at least 4 months in the field. The physiological 
life span in captivity therefore exceeds the age at which young are normally 
produced. The female of Battus assimilis assimilis, like that of B. conatus and 
JS. norvegicus, experiences reproductive regression and senility in the laboratory. 

The young male of Battus assimilis assimilis becomes sexually mature when 
about 214 months old. The youngest to sire a litter was 70 days old. Another male 
sired a litter when 79 days old and a third when 82 days old. Although females 
were present with the males from weaning on, the males did not usually breed 
until they were 4 months old. For the first 6 weeks after birth the testes are very 
small and increase in size slowly. At 4 weeks a testis weighs 0.1-0.2 of a gram 
(pi. 4, a) and at 6 weeks 0.3 of a gram. Growth is then rapid until at 2 months 
the testes are prominent in the scrotal area. Sperm are not produced up to this 
time, and the individual tubules of the testis are small in diameter. At 6 weeks 
the tubule walls thicken and meiotic figures become prominent. Sperm are present 
in the tubules 3-4 weeks later, and the animal is sexually mature (pi. 4, 6). 
At 6 weeks the average body weight is 54 grams; at 2 months, 65 grams; and 
at the incipient breeding age of 2% months, 75 grams. 

Once sexual maturity has been attained in the male there is no evidence of 
sterile periods or of sexual regression at old age, as there is in the female. Davis 
(1953) finds no evidence of testis regression in wild Battus norvegicus. With one 
exception, where the testes were obviously abnormal, the testes of B. a. assimilis 
were actively producing sperm at the time of death. One wild-caught male sired 
a litter after 25 months in captivity. 

The average life span of males bom in captivity is 16 months. The record 
life span of two males bred in captivity is 41 months and of two wild-caught 
males is 39 months in the laboratory. There was no evidence from histological 
examination of the testes of sexual regression in any of these specimens. At this 
age, however, the animal is senile in appearance and activity and it is doubtful 
whether it would breed. 
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Age in Days 

Fig* 10. Growth of Bat tvs assifnihs in. tlio lahoratory. Solid lino ropioHontH average growth 
curve of young of ossitmIis raised hy assi^%l%sj brokon lino, average growth cuivo of young 
Otssiimlis raised by Sattus norvegicus. 

Number of Utters per female ,—The mean number of litters per female is 3.6 
for 34 females. Twelve of these females produced only one litter, and one female 
produced 14 litters in 15 months. The time span over which a female produced 
litters averaged 7.6 months. The longest span was 24 months. The greatest number 
of litters was produced by females that were either wild-caught or bom early 
in the history of the colony. The mean figures derived from those laboratory 
colonies may he applicable to other laboratory colonies of this species. However, 
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little value can be attached to this information at present in interpreting the 
field situation. The same reservation, of course, pertains to the following discussion 
of reproductive rate. 

Survival, —^Worldng now from the averages obtained in the University of 
California colony, 3.6 litters per female and 3 8 young per litter, the average 
reproductive rate is 13.68 young per female. However, the number of young 
raised is the most important figure. The survival rate of the University of Cali¬ 
fornia colony is 81 young of 301 known to be produced, or 26.9 per cent, and 
of the Smith College colony 27 o£ 101, or 26.7 per cent. Thus the average survival 
rate of young per breeding female is 3.68 in the laboratory. 

Attempts at cross-mating. —On four occasions a male of Rattus assimilis as¬ 
similis was caged with a breeding female of B. norvegicus in an attempt to 
crossbreed the two species. In two of these pairings the male was placed with 
its foster mother, and the other two pairings were of foster litter mates. No 
breeding or mating activity was ever witnessed, although the females were expe¬ 
riencing regular estrous cycles and the males were fertile. 

Growth of the Young 

Limited data on growth of field-bred young have already been presented. Growth 
of the young of Battus assimilis assimilis has been measured under laboratory 
conditions also. Growth in this rat is exceedingly variable under different con¬ 
ditions, and it appears to be a direct response to nutritive differences Most young 
were raised by the female which bore them; in these animals both linear increment 
and weight gain followed the pattern shown in figure 10 and table 5. Although 
the sample measured is small, paiticularly in the pre-weaning days, the data in 
table 5 are enhanced by the fact that almost every day is represented by measure¬ 
ments of different rats. For instance, days 6-22 include 19 different individuals. 

The pattern was one of fairly slow increment during the first 20 days and 
then, after the sampling of solid food, there was a 200-300 per cent acceleration 
in the average absolute growth rate from days 20-25 (table 6). The young of 
Battus assimilis raised by the Long-Evans laboratory rat (jB. norvegicus) in¬ 
creased in weight and size much more rapidly during the first 20 days, with a 
maximal absolute growth rate between days 10 and 15 (table 6). The gain under 
the latter conditions was more constant and did not attain the rate of acceleration 
of average absolute growth of young raised by B. assimilis (fig. 10 and table 7). 
Nevertheless, under both sets of conditions the young reached approximately the 
same end point at about the same time (Day 40). Individual variations among 
both groups of young after this age now become so diverse as to mask group 
differences. Only in hind-foot measurement did the young raised by laboratory 
rats continue to exceed the assimilis-TBised young for several more weeks. 

W -W 

Average absolute growth rate, R =_!-i, is used here as one interpretation. 

^3 — ^1 

Although this type of measurement is admittedly an abstraction only (Brody, 
1945:504), it serves as a means of comparing two groups which do not show 
a logarithmic rate of growth and therefore are not mathematically eligible to 
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TABLE 5 


Growth of Rattus assimilis assimilis Raised by R. a. assimilis in the Laboratory 


Days old 

N 

Weight: average and 
range (grams) 

N 

Body length: average 
and range (turn.) 


il md-foot lengt h: aver¬ 
age and lango (mni.) 

0. 

156 

4.6 (2.5-6.0) 

no 

46 (38.9-51.4) 

100 

8.7 (7.0-10.0) 

1. 

7 

4.6 (3 9-5.6) 

1 

48 

1 

9.0 

2. 

15 

4.6 (3.6-5.]) 

11 

46 5 (41-53) 

12 

9.2 (8 9 8) 

3. 

9 

4.4 (3.7-5 4) 

4 

47.3 (46-51.1) 

4 

9.1 (9 0 9 2) 

4. 

1 

4.4 j 

1 

48 

1 

9.0 

5. 

4 

4.6 (4.3-4.8) * 

4 

48.8 (46.7-51) 

4 

9 G (9-10.2) 

6. 

1 

4.9 

1 

48 

1 

10 8 

7. 

2 

6.0 (4 6-6.4) 

2 

49.8 (46.5-53) 

2 

10.6 (10 5-10 7) 

8. 

1 

6.9 

1 

51.4 

1 

11.6 

9. 

7 

6.6 (3.9-7.1) 

4 

60.3 (48-51) 

4 

10.0(10 11) 

10. 

1 

6.3 

1 

51.3 

1 

12 3 

11. 

1 

4.9 

1 

49 

1 

11 3 

12. 

1 

7.6 

1 

52.8 

1 

13.1 

14. 

2 

9.1 (9.1) 

1 

55 

1 

14 0 

16. 

1 

10.7 

1 

67.1 

1 

15 6 

18. 

1 

11.6 

1 

63.3 

1 

15 8 

19. 

1 

18.9 


• * • 



20. 

1 

13.5 

1 

64.8 

1 

17.2 

21. 

2 

17.6 (16 2-18 9) 





22. 

1 

16.0 

1 

75.7 

1 

17.9 

24. 

7 

23.5 (18.2-20,2) 

7 

82.1 (74.8 80) 

7 

21.7 (10.1-27 0) 

25. 

4 

28.6 (26.8-29.7) 

‘1 

80.3 (81- 00) 

4 

25 7 (26.0 20.6) 

26. 

1 

20.4 

1 

81 

1 

20 6 

28. 

11 

29.9 (22.0-40.8) 

5 

92.7 (82 (M03) 

5 

25.1 (21 27.9) 

29. 

3 

27,5 (23,6-34 3) 





30. 

2 

40.9 (39.6-42.1) 

2 

102.5 (96-110) 

2 

28.0 (27.1-28.9) 

31. 

6 ! 

36.0 (33,6-41.2) 

G 

95.5 (92-102) 

C 

28.4 (27.0-29.2) 

32. 

10 

36.6 (25.0-44.3) 

8 

99.8 (88.5-105) 

8 

25.7 (22.6-27.8) 

34. 

5 

40.6 (30.9-42.5) 

4 

103.3 (96-109) 

4 

27.3 (25.9-28.6) 

36. 

6 

37.9 (26.2-43.4) 

3 

110.7 (105-116) 

5 

29.1 (2G.1-32) 

37. 

1 j 

26.9 

1 

96.8 

1 

23.2 

38. 

2 

47.0 (45.7-48.2) 

2 

116 

2 

28.1 (28,0-28.1) 

39. 

2 

46.3 (36,0-56.6) 

2 

110 (98-122) 

2 

26.0 (24.4-27.5) 

40. 

8 

50.3 (41.1-69.4) 

6 

109.8 (97.7-123) 

0 

27.2 (23.3-29.6) 

41. 

8 

53.4 (39.7-62,2) 

8 

109.9 (I04r-120) 

8 

28.6 (24.8-30.7) 

42. 

1 ! 

52.4 

1 

120 

1 

28.6 

43. 

2 

50.3 (42.0-58.5) 

2 

112.5-(108-117) 

2 

26,3 (25.2-27.3) 

44 . 

14 

56.9 (33.3-68.2) 

14 

114.8 (07-128) 

14 

29.3 (24.6-31.2) 

46. 

2 

54.0 (43-64,1) 

2 

115.5 (110-121) 

2 

26.6 (25.3-27.9) 

46. 

6 

59,2 (49.4-70.5) 

6 

112.3 (99-123) 

6 

29.6 (28.1-30.9) 

47. 

2 

52.4 (45.0-59.7) 

2 

120.0 (113-127) 

2 

27.1 (26.9-28.3) 

48. 

4 

53.6 (49.1-60.3) 

4 

118.0 (106-125) 

4 

28,3 (26.0-31.3) 

49. 

7 

58.6 (48.4-63.6) 

7 

113.3 (103-122) 

7 

29.1 (26.6-30.7) 


7 

57.1 (49.3-66.8) 

4 

124.3 (115-133) 

4 

30,9 (30.0-31,9) 

51. 

2 

69.0 (49.3-68.7) 

2 

118.5 (115-122) 

2 

27.5 (26.3-28.7) 

52. 

2 

63.9 (68.8-69,0) 

2 

124.5 (123-126) 

2 

30.7 (30.4-31.0) 

53. 

2 

68.8 (49.9-67.7) 

2 

121.0 (112-130) 

2 

27.9 (26.6-29.1) 

54. 

I ^ 

67.4 (63.2-71.6) 

2 

128.5 (125-132) 

2 

31.1 (30.2-32.0) 
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TABLE 5 —Continued 


Days old 

N 

Weight: average and 
range (grams) 

N 

Body length: average 
and range (mm.) 

N 

Hind-foot length: aver¬ 
age and range (mm.) 

65. 

2 

61.3 (52.0-70.6) 

2 

118.6 (118-119) 

2 

28.0 (26.8-29.0) 

66. 

2 

68.3 (62.1-74.5) 

2 

133.5 (131-136) 

2 

30.6 (29.7-31.6) 

67. 

2 

63.7 (54.2-73.2) 

2 

123.0 (119-127) 

2 

28.1 (27.2-29.0) 

68. 

2 

72.2 (66.1-78.3) 

2 

126.0 (125-127) 

2 

31.1 (30.6-51.6) 

59. 

2 

64.6 (53.2-75.7) 

2 

126.5 (124-127) 

2 

28.6 (27.7-29.6) 

61. 

2 

64.4 (53.0-75.8) 

2 

128 (125-131) 

2 

28.6 (27.5-29.4) 

62. 

2 

74.3 (66.4-82.2) 

2 

131 (128-134) 

2 

31.9 (30.8-32.9) 

63. 

2 

66.6 (56.5-77.6) 

2 

131 (128-134) 

2 

29.0 (27.9-30.0) 

64. 

4 

71.3 (49.9-S1.4) 

4 

123.8 (110-130) 

4 

30.2 (26.9-33.2) 

66. 

2 

70.4 (59.2-81.6) 

2 

130.5 (125-136) 

2 

29.0 (28.0-29.9) 

66. 

3 

72.3 (63.6-87.9) 

3 

114.3 (105-120) 

3 

28.0 (27.8-28.2) 

67. 

2 

69.6 (67.6-81.6) 

2 

125.0 (116-134) 

2 

28.9 (27.8-29.9) 

69. 

4 

75.3 (61.0-90.2) 

4 

129.5 (126-137) 

4 

30.6 (28.0-32.0) 

73. 

2 

69.7 (59.4-79.9) 

2 

131 (126-136) 

2 

29.3 (28.6-29.9) 

76. 

3 

77.2(54.3-100.6) 

3 

130.3 (117-139) 

3 

30.9 (27.8-33.9) 

80. 

3 

69.8 (56.0-86.7) 

3 

131.0 (121-138) 

3 

28.9 (27.8-30.0) 

83. 

3 

90.0(80.3-104.4) 

3 

137 (128-150) 

3 

31.8 (31.2-32.6) 

87. 

2 

83.6 (71.9-4)5.3) 

2 

136.6 (133-140) 

2 

29.6 (28.8-30.3) 

90. 

2 ' 

99.4(86.8-111.9) 

2 1 

145 (136-154) 

2 i 

32.8 (32-33.6) 

94. 

2 

84.3 (74.1-94.4) 

2 

137.0 (130-144) 

2 

29.6 (28.7-30.3) 

97. 

2 

100.9(89.4-112.3) 

2 

145.6 (141-160) 

2 

32.8 (31.9-33.7) 

101. 

2 

87.3 (79.0-95.5) 

2 

138 (138) 

2 

30.3 (29.6-31.0) 

104. 

2 

104.2(92.3-116.0) 

2 

164 (145-163) 

2 

32.9 (31.9-33.8) 


2 

91.3 (83.9-98.6) 

2 

137 (132-142) 

2 

30.2 (29.6-30.8) 

Ill. 

2 

105.1 (103.^-107) 

2 

164 (147-161) 

2 

32.8 (32.1-33.6) 

115. 

1 

90.5 

1 

145 

1 

30.8 

122. 

1 

92.2 

1 

140 

1 

31.1 

126. 

2 

111.0 (109-113) 

2 

132.6 (129-136) 

2 

29.8 (29.1-30.5) 


be treated by the more realistic formula for instantaneous relative growth rate, 
^ _ ZnWg - might be misled by the average absolute growth-rate pro¬ 


cedure: although the rate of the young raised by laboratory rats does not approach 
the magnitude of the ossimiMs-raised young, the peak acceleration of the former 
occurs at an earlier age and therefore may be more spectacular when compared 
with total body size at that time. For this reason it seems justifiable to treat 
the data by the instantaneous relative growth-rate method also, despite the fact 
that the data do not accurately follow a straight-line increment when plotted 
on a semilogarithmic scale. This is true both for plots of individual growth curves 
and for plots of the growth of collective samples. 

Whereas with the average absolute growth-rate method all three dimensions 
measured showed a peak in rate at days 20-25 for os^iwiiKs-raised young and 
at days 10—15 for young raised by laboratory rats, the perspective is somewhat 
changed when the data are computed for instantaneous relative growth rates. 
The ossim^Zis-raised young still show a peak rate at days 20-25 for all three 
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TABLE 6 


Average Absoldte Growth Rate op Ratttis assimius assimims 


Days old 

Woisht 

(graiiiH) 

Head and body 
lonftth (uini.) 

llind-f<)«>t longth 
(mm.) 

EAISKD liY B. A. ASRIMILIB 

0-5 . 

.02 

.66 

.18 

6-10 . 

.34 

.38 

.32 

10-15 . 

.70 

.98 

.70 

16-20 . 

.74 

1.84 

.50 

20-25 . 

3.02 

4 30 

1.70 

25-30 . 

.88 

3 24 

.46 

30-35 . 

1.20 

.90 

.20 


RAISED BV LABORATORT RATS 


0-5 . 

.78 

1.28 

.74 

6-10 . 

1.26 

2.72 

.72 

10-15 . 

1.86 

3.80 

.94 

15-20 . 

1.60 

1 72 

.84 

20-26 . 

1.14 

1.72 

.30 

25-30 . 

.62 

.56 

.50 

30-35 . 

.38 

.40 

J 2 



dimcusions (table 8). Tlie yoinif? raised by labonitory rats, however, exliiliit a 
maxinram I'ate on days 10-15 in boily-lenj'lh inerenieni only, and hind-foot and 
weight data show a general decline in rate from days 0-5 on. 

These results are interpi'eted as meaning that the acwderation of growth during 
days 20-25 is normal for the assiwife-raiscd assimilis in the lahoiutory, and 
that it may be a direct response to a change to a solid food diet of much higher 
nutritive value than the milk of B. assimilis, which seems to be considerably 
less nutritive than the milk of the laboratory rat. The growth of young laboratory 
rats (JB. norvegicus) was strildngly retarded when they were raised by assimiUs. 
On Day 20, even after the young had been sampling solid food for several days, 
they were 40 per cent below normal weight and 10 per cent below normal body 
and hind-foot lengths. 

The outstanding point in the growth pattern in Ihe laboratory seems to be 
not so much that the growth rates differ under diffei’ent conditions, hut that 
the two groups actually reach the same end point within 40 days. The data for 
field-bred Battw assimiUs are different, however; the rate of growth is much 
more constant and the young grow more slowly. At 28 days of age the field-bred 
animals are from a few days to a week behind the ossimilis-raised laboratory 
young in dimensions, the greatest disparity being in weight; and at 42 days of 
age the field-bred assimilis are about 10 days behind. The field-bred animals do 
not seem to be retarded in many of the developmental changes which accompany 
growth, such as the times at which ears and eyes open. 

In the laboratory colony there is a suggestion of sexual differences in the 
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TABLE 7 


Growth of Rattits assimilis assimilis Raised by Rattus norvegicos in the Laboratory 


Days old 

N 

Woiflfht: average and 
lango (grams) 

N 

Body length: average 
and range (mm.) 

N 

Hind-foot length: aver¬ 
age and range (mm.) 

3. 

5 

6.8 (5.2-6.3) 

5 

49.1 (48.5^.1) 

5 

10.3 (10.0-10.9) 

4. 

5 

7.0 (5.3-7.9) 

5 

50.4 (48.2-52.8) 

5 

10.9 (9.6-11.3) 

5. 

5 

8.4 (7.9-9.1) 

5 

52.4 (49.0-54.2) 

5 

12.2 (11.9-12.7) 

7. 

5 

10.8 (10.2-11.2) 

5 

60.9 (57.7-64.2) 

5 

13.5 (13.1-13.9) 

9. 

5 

13.8 (12 9-14.7) 

5 

63.8 (62.3-65.6) 

5 

15.4 (15.1-15.7) 

11. 

5 

17.4 (16.3-18.4) 

5 

72.9 (70.7-76.7) 

5 

17.0 (16.6-17.7) 

13. 

5 

20.6 (19 3-21.9) 

5 

80.6 (77.8-85.8) 

5 

18.9 (18.2-19.6) 

16. 

5 

26.8 (25 0-28.1) 

5 

88.4 (87-91) 

5 

22.0 (21.0-23.1) 

18. 

5 

28.9 (27.0-30 0) 

5 

90.8 (88-93) 

5 

23.5 (23.1-24.3) 

20. 

5 

32.1 (30.8-33.8) 

5 

93.6 (93-95) 

5 

24.7 (24.0-25.7) 

21. 

1 

42.3 

1 

98 

1 

26.2 

22. 

9 

38.8 (32.9-48.8) 

9 

100.4 (92-107) 

9 

26.2 (26.0-27.7) 

24. 

5 

36.9 (34.9-37.5) 

5 

101.4 (95-106) 

5 

26.0 (25.1-27.2) 

26. 

6 

40.0 (36.8-42.7) 

6 

103.5 (102-108) 

6 

26.8 (26.2-27.3) 

28. 

9 

40.5 (36.0-43.7) 

9 

104.8 (101-109) 

9 

28.1 (27.4-29.4) 

30. 

1 

47.8 

1 

104 

1 

28.7 

34. 

1 

52.4 

1 

110 

1 

29.2 

35. 

4 

42.7 (41.2-46.0) 

4 

107.3 (104-109) 

4 

29.3 (28.5-30.6) 

38. 

1 

58.3 

1 

108 

1 

30.4 

42. 

6 

57.1 (50.9-62.0) 

5 

110.8 (101-119) 

5 

29.9 (29.0-31.7) 

46. 

2 

56.0 (46.4-65.7) 

1 

122 

1 

29.3 

49. 

4 

65,5 (61.2-73.2) 

4 

118.8 (106-124) 

4 

30.9 (29.6-32.0) 

50. 

1 

68.2 

1 

126 

1 

30.8 

54. 

1 

73.0 

1 

125 

1 

31.8 

55. 

5 

81,2 (76.2-91.6) 

5 

128.4 (122-138) 

5 

32.8 (32.1-33.8) 

56. 

4 

67.7 (02.8-74.3) 

4 

125.3 (112-133) 

4 

32.0 (31.0-33.2) 

58. 

1 

74.3 

1 

126 

1 

32.1 

63. 

4 

77.3 (72,7-78.8) 

4 

128.8 (120-138) 

4 

32.0 (31.1-33.3) 

70. 

5 

81.0 (76,7-85.0) 

5 

136.8 (123-147) 

5 

32.2 (30.7-33.5) 

71. 

1 

70.2 

n 

130 

1 

33.6 

77. 

1 

88.5 

n 

135 

1 : 

32.1 

84. 

1 

86,5 


136 

1 

33.1 

90. 

1 

83.0 

n 

136 

1 

32.5 

105. 

1 

100.2 

■ 





rate of growth of subadults. For assimilis young raised by assimilis these differ¬ 
ences begin to appear at least by the age of six weeks; males then tend to exceed 
females in all the measurements taken: weight, body length, and hind-foot length 
(figs. 11, 12, 13). This differential growth pattern of the sexes does not clearly 
extend to young of B. assimilis raised by B, norvegicus. Here the growth pattern 
shows that weight and body-length increments of both sexes proceed at comparable 
rates (figs, 14, 15). Only the hind-foot length indicates that by the sixth week 
the rate of increment begins to accelerate faster for the male than for the female 
(fig. 16), It is not known whether there is a sexual difference in the growth rate 
of B, assimilis under natural conditions. 

Some of the major changes in the development of assimilis young are illustrated 
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in fi^re 17 and plates 5 and 6. Tlie measurements on the age chart (fig. 17) are 
meant as general indicators only. This chart applies specifically to the laboratory 
stock of assimilis which wore raised by assimilis. It may be useful also as a guide 
to aging in the field, exclusive of the weights and measurements. 


TABLE 8 

Instantaneous Relative Growth Rate op Ratths assimilis assimitjs 


Days old 


Weight 

IToud and body 

(ginms) 

length (mm.) 


Ilmd-foot longth 
(mm.) 


RAISED BY R. A. ASSIMILIS 


0-6. 

.00437 

.0051 

.01978 

6-10. 

.06279 

.0033 

.03082 

10-16. 

.08832 

.0080 

.06428 

16-20. 

.06394 

.0133 

.03128 

20-26. 

.14996 

.0249 

.08027 

25-30. 

.02852 

.0149 

.01725 

30-35. 

.03336 

.0037 

.00600 



RAISED BY I^BORATORY RATS 


0-5. 

.12466 

.02590 

.07222 

6-10. 

.11178 

.04()00 

.05152 

10-15. 

.09798 

.05000 

.05198 

15-20. 

.05760 

.01032 

.03726 

20-26. 

.03260 

.01726 

.01173 

26-30. 

.01587 

.00575 

.01817 

30-35. 

,00897 

.00308 

.00414 



DISCUSSION 

Despite the close relationship of Battus assimilis assimilis to some of the most 
prolific mammalian breeders known to exist, both field and laboratory findings 
point to a relatively low reproductive capacity for this Australian species. Growth 
to sexual maturity occupies about one-quarter of the calculated average life 
span; the female produces on the average only a few litters in a lifetime, and 
litter size is small. 

The relatively low density of populations of Australian mammals in many 
areas of the continent is perhaps more directly explained by the fact that many 
of the marsupials have only one or two young once a year. Yet here also is an 
Australian mammal, a rodent, which is reproductively capable of producing 
more young than can most marsupials, but which in no way begins to approach 
the reproductive level of some of its Eurasian and African relatives. What evi¬ 
dence is there to assist in explaining this situation? 

Many parts of the Australian continent are deficient in soil micronutrients. 
The interests of sheep graziers account for much of the progress in the analysis 
of Australian soils. Some of the results have been spectacular. In an area in 
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South Australia which was deficient in copper and zinc, the land was capable 
of supporting only one sheep per 20 acres. When these trace elements were added, 
the sheep yield was increased to 40 sheep per 20 acres (Anderson and Underwood, 
1959). 

Pearl Beach, where Battus assimilis assimilis was under investigation, is in 
an area which displays outcrops of Hawkesbury sandstone, and this locality lies 
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AGE IN DAYS 

Fig. 11. Average daily weight of male and female IBiattus assimilis young raised by JK. 
ckssimAlis in tlio laboratory. The open circles represent females; the solid circles, males. 

within an extensive coastal strip deficient in soil phosphate and in molybdenum. 
Beadle (1954:374) tested oven-dried leaves of plant species native to the Hawkes¬ 
bury sandstones and found a very low phosphate content, averaging less than 
0.1 per cent. Molybdenum is a trace element important in nitrogen fixation and 
in the formation of certain animal proteins. Beadle (1953:427) states that “under 
Australian conditions, the elements required in the greatest quantity by the plants 
[fixed nitrogen and phosphate] are the first to become limiting.” Beadle’s results 
(1954:378) for the level of productivity of flax on the Hawkesbury sandstone 
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AGE IN DAYS 

Fig, 12. Average daily body length of male and female Battus assmilis young raised by 
JB. assimUis in the laboratory. Same symbols as in fig. 11. 

soils from Hornsby (about 14 miles from Pearl Beach) are as follows: on the 
control soil, 23 ± 5.2 mg.; with NO^ added, 31 ± 5.0 mg.; and with PO 4 added, 
82 ± 1.4 mg. The low nutrient level of these sandstone soils, aeoording to B<'adle 
(1953), seems to account for the lack of native annual speeies of plants in this 
area. If indeed the nutrient level is too low to support the life cycle of an annual 
plant, may not this situation be reflected also in the faunal components of the area? 

There are no reports of population outbreaks of Rattus assimilis assimilis in 
this native habitat. If there were outbreaks and the rodent thus seriously de¬ 
pleted the vegetation, the plants with their low productivity rate would take 
years rather than months to recover. It seems advantageous, then, for R, a. 
assimilis to remain at a constant density level and at a low density level in order 
to exploit this type of habitat without depleting it. 

In Rattus assimilis assimilis the reproductive rate appears to be genetically 
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AGE IN DAYS 


Fig. 13. Average daily hind-foot length of male and female Battus assimilis young raised 
by B. assvmil^s in the laboratory. Same symbols as in fig. 11. 


determined and not a direct response to nutritional conditions. If it were the 
latter, one would expect an increase in the reproductive rate in response to a 
nutritious laboratory diet. Selection has probably operated against the survival 
of large litters and has favored the perpetuation of animals bearing genetic factors 
that result in small litters. This mode of reproduction may then be a means of 
maintaining a constantly low population level and thus of exploiting to a maxi¬ 
mum this nutrient-deficient habitat. 

SUMMARY 

Field evidence suggests that the population of Battus assimilis is generally sparse 
in its native habitat in Australia. Sixty-five individuals were captured a total of 
182 times in 7,900 trap nights on a 22-acre tract of coastal Eucalyptus forest. 
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Habitat favoring the establishment of burrow sysleins upijeavs 1o ])e inipoi-tant 
in the local occurrence of this rodent. 

Age categories have been worked out for field-eaught speehnens. The utilization 
of this method in addition to evidence of lactation and pregnancy in field animals 
and on museum specimens leads to the conclusion that hi'(>eding occurs t hroughout 
the year in the field. The litter size under field conditions ranges from 3 to 6. 
The sex ratio of adults in the field is aiijiroximately 50:50. The noiaual life 
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AGE IN DAYS 

jEHg. 14. Average daily weiglit of male and female Sallus assimMis young niieud by 
£. norvegums. Sumo symbols as iu fig. 11. 

expectancy of rats that reach the weaning stage is estimated not to exeood a year. 

Habitat and growth comparisons are made witli the introduced Rattus rattus 
of the area. Rattus rattus does not seem to have the same habitat pT*oi’erenee as 
B. assimilis and is not regarded as a competitor of this native species. The two 
species have the same general range of adult weights, but B. assimdUs is slower 
in rate of growth and development. 

The gross anatomy of the reproductive system of Battus ossinMs is very similar 
to that of B. norvegious. The most conspicuous differences are in external genitalia. 

The estrous cycle of Battus ossimMis assmilis averages 4.5 days. Histological 
dianges iu the ovary, uterus, and vagina follow closely those reported for B. 
norvegious. The average numW of corpora lutea formed per ovulation is 7. The 
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female experiences a postpartum estrus on the average 1.7 days after parturition, 
and a lactation anestrus lasting 20-24 days after postpartum estrus. Nonlaetation 
anestrus lasting 10-44 days is experienced in the laboratory. Pseudopregnancy 
can be induced with electrical stimulation and lasts 15-17 days. A sterile cycle 
between the time of vaginal perforation and regular estrous cycles is experienced 
by young rats in the laboratory. 

The average gestation period is 22.8 days and ranges from 22 days to 24 days. 


o 



AGE IN DAYS 

Fig. 15. Avorago daily body length of male and female Battles assimilis young raised by 
JB. norvegicus. Same symbols as in dg. 11. 

Gestation while the female is lactating lasts 28-32 days; delayed implantation 
may be responsible for this increased duration. Of the time-recorded parturitions, 
80 per cent occurred between 2 p.m. and 8 p.m. 

The sex ratio of young is approximately 50:50. The number of young per litter 
ranges from 1 to 7, averaging 3.81 in the colony maintained at the University of 
California and 4.21 for a colony at Smith College. The mode is 4. Prenatal loss 
is about 40 per cent. The mean number of litters per female is 3.6 in the laboratory. 
Litters are produced on the average over a span of 7.6 months. The average 
survival rate of young per breeding female in the laboratory is 3.68. We ani ng 
occurs during the latter part of the fourth week after birth. 

Breeding occurs throughout the year in the laboratory. 

The vagina opens on the average on the 46th day. The average age at which 
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AGE IN DAYS 

Fig. 16. Average daily hind-foot length of male and female Baitus asmnilis young raised by 
jS. Tuyrvegicm. Same symbols as in fig. 11. 

females breed in the laboratory is 4^/4 months, and the average age at which a 
female ceases to produce young is 12 months. 

The mean life span of both males and females in captivity is 16 months. 

Male Battus assimilis assimilis begin to produce spermatozoa at the age of 2*4 
months, but usually do not breed before the age of 4 months. There is no evidence 
of sterile periods or sexual regression at old age in the male. The male appears 
to be continuously fertile throughout the year. 

Attempts to breed Battus assimilis with B, norvegicus were unsuccessful. 

The growth rates of young of Battus assimilis raised by assimilis and of young 
of assimilis raised by norvegicus differ, although by the 40th day the two groups 
of young are about equal in weight and size. 

Battus assimilis is similar to B. norvegicus in length of estrous cycle and ges- 
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tation period, time of implantation, lactation auostrns, and perconta{?e of intra¬ 
uterine loss. Raitus assimUis differs conspicuously from R. norvegicus in the 
smaller number of corpora lutea per cstrons cycle, the delayed time of postpartum 
estrus, the greater length of lactation, the smaller number of young per litter, the 
smaller number of litters per female, the slower rate of growth and development, 
and the reduced mammary formula. 

Tt is suggested that the low reproductive rate and the year-round breeding 
of Raftus assimilis assimilis may be of long-term selective advantag(‘ as a method 
of maintaining a constant and low population lcv(‘l—level which in turii enables 
the species to exploit to the maximum a habitat deficient in certain niicronutri('nts. 



LITERATURE CITED 

Anderson, A. J., aad E. JT. Underwood 

1959. Tracc-elemont deserts. Sei. Amor., 200; 97-106. 

Arotropulo, a. J. 

1929. Beitrage zur Kenntnis dor Murinac Baird I, II. Zeitschr. Sauget., 4:144-156. 

Asdell, S. a. 

1946. Patterns ot mammalian reproduction. Ithaca: Comstock. 437 pp. 

Beadle, N. C. W. 

1953. The odaphic factor in plant ecology with a special note on soil phosphates. Ecol., 34: 
426-428. 

1954. Soil phosphate and the delimitation of plant communities in eastern Australia. Ibid., 
36:370-375. 

Bolliger, a., and A. L. Carrodus 

1939, The effect of oestrogons on the pouch of the marsupial Trichosurus vulpcoula, Proc. 
Roy. Soc. New South Wales, 73;218-227. 

Brambell, F. W. R., and D. H. S. Davis 

1941. Reproduction of the multimammate mouse (Mastomys erythrolemms Temm.) of Sierra 
Leone. Proc. Zool. Soc. London (B), 111:1-11. 

Brazenor, C. W. 

1936. Muridao recorded from Victoria. Mem. Nat. Mus. Melbourne, no. 10, pp. 62-85. 

Brody, S. 

1945. Bioenergctics and growth. New York: Reinhold. 3023 pp. 

Burt, W. H. 

3936, A study of the baculum in the genera Ferognathus and Fipodomys. Jour. Mammal., 
17:145-156. 

Chaine, j. 

1926. L*Os pdnieii, C'tudo descriptive et comparative. Act. Hoc, Linn. Bordeaux, 78:5-195. 
Clbland, j. B. 

1918, Presidential address (Previous phenomenal visitations of rats and mice in Australia). 
Jour, and Proc. Roy, Soc. New South Wales, 52:123-135. 

Commonwealth op Australia 

1954. Year book, no. 40. Canberra: Commonwealth Government Printer. 1306 pp. 

Crombie, a. C. 

1944. Rat plagues in western Queensland. Nature, 164:803-804. 

Davis, D. E. 

1953. The characteristics of rat populations. Quart. Rev. Biol., 28:373-401. 

Delano, P. 

1924. Du nombro des mammelos choz le rat d’Alexandrie, E. rattus var. adexandrinus. BulL 
Soc. Path. exot. Paris, 17:589-590. 

Ellerman, j. R. 

1949. The families and genera of living rodents. British Mus., vol. 3, part 1. 210 pp. 

Evans, P. C. 

1942. Studies of a small mammal population in Bagley Wood, Berkshire, Jour. Animal EcoL, 
ll:18a-197. 

Evans, H. M. 

1928. The effects of inadequate Vitamin A on the sexual physiology of the female. Jour. BioL 
Chem., 77:651-664. 

Flynn, T. T., and J. P. Hill 

1939. The development of the Monotremata. IV. Growth of the ovarian ovum, maturation, 
fertilisation, and early cleavage. Trans. Zool. Soc. London, 24:445-623. 

[65] 



56 


University of California Publications in Zoblofiy 


Gaed, K. R. 

1935. The rat pest in cano areas. Proc. Intcrnat. So<*. Siiftar (’aue Toi'hnol., Htli Ooui^r., Bris¬ 
bane, Queensland, pp. 594-603. 

Gould, J. 

1857. On four now species of Mils and one of Hapalofis from Australia. Proc. Zool. Soc. 
London, part 25, pp. 241-243. 

1863. The mammals of Australia. London: John Gould. Vol. 3, pis. 11-18. 

Green, R. G., and C. L. Larson 

1938. A description of shock disease in the 8nowsho<‘ hare. Ami*r. Jour, llyjipene, 28:190-212. 

Greene, E. 0. 

1935. Anatomy of the rat. Trans. Amer. Phil. Soc., 27:1-370. 

Greenwald, G. S. 

1956. The reproductive cycle of the field mouse, Microtus eaUfornicus. Jour. Mammal., 37: 
213-222. 

Hall, 0-, and D. E. Davis 

1950. Corpora lutoa counts and their relation to the numbers of embryos in the wild Norway 
rat. Texas Reports on Biol, and Med., 8:564-582. 

Harris, T. Y. 

1956. Naturecraft in Australia. Sydney: Angus and Robertson. 261 pp. 

Harrison, J. L. 

1951. Reproduction in rats of the subgenus Jtattus. Proc. Zool. Soc. London, 121:673-694. 

1952. Breeding rhythms of Selangor rodents. Raffles Mus. Bull. 24:109-131. 

1955. Data on tlie reproduction of some Malayan mammals. Proc. Zool. Roc. fjondon, 126; 
445-460. 

1950. Hurvival rates of Mala 3 mn rats. Raffles Mus. Bui. 27;5-26. 

Horner, B. E., and J. M. Taylor 

1958. Breeding of Battas assimilis in captivity. Jour. Matnmal., 39;301-302. 

1959. Results of the Arehbold expeditions. No. 80. Observations on the biology of the yellow¬ 
footed marsupial mouse, Anti*chirnts flavipes flaviprs, Amer. Mub. Novitates, no, 1972, 
pp. 1-24. 

Jones, F. W. 

1925. The mammals of South Australia. Adelaide: Brit. Sci. Guild (South Australian 
Branch). Part 3, pp. 271-458. 

Krehbiel, R. H. 

1941. The effects of lactation on the implantation of ova of a concurrent pregnancy in the rat. 
Anat. Rec., 81; 43-65. 

Leslie, P. H., Y. M. Venables, and L. S. Venables 

1952. The fertility and population structure of the brown rat (Battus norvegicus) in com 
ricks and some other habitats. Proc, Zool. Soc. T^ondon, 122:187-238. 

Long, J. A., and H. M. Evans 

1922, The oestrous cycle in the rat and its associated phenomena. Mem. XJniv. Calif., 6:1-148, 
MoDougall, W. a. 

1944a. An investigation of the rat pest problem in Queensland (Minefields: 1. Economic aspects. 
Queensland Jour. Agric, Sci, 1 (2) ;32-47. 

19446. An investigation of the rat post problem in Queensland canellelds: 2. Species and 
general habits. Tbid,, 1(2) :48-78. 

1944o. An investigation of the rat pest problem in Queensland canefields: 3. Laboratory experi¬ 
ments on food intake and toxicity, Tbid,, 1(3) :l-32. 

1946a. An investigation of the rat pest problem m Queensland canefields: 4. Breeding and life 
histories. Ibid., S(l) :l-43. 

19466. An investigation of the rat pest problem in Queensland canefields; 5. Populations. Ibid., 
3(4): 157-237. 

1947. An investigation of the rat pest problem in Queensland canefields: 6* Controls and con¬ 
clusions. Ibid., 4(4); 79-139. 

1960. Rat populations in canefields during the spring of 3948. Ibid., 7(1 and 2):43-47. 



Taylor: Reproductive Biology of Battiis assimilis 


57 


McNally, J. 

1955. Damage to Victorian exotic piiio plantations by native animals. Australian Forestry, 
19:87-99. 

Mumfobo, E. P. 

1942. Native rats and the plague in the Pacific. Amer. Scientist, 30:213-217. 

Nelson, M. M., H. V. WitiairT, 0. W. Aslino, and H. M. Evans 
1955. Multiple congenital abnormalities resulting from transitory deficiency of ptoroylglu- 
tamic acid during gestation in the rat. Jour. Nutrition, 56:349-370. 

Palmer, E. 

1885. Notes on a great visitation of rats in the north and northwestern plain country of 
Queensland, in 3869 and 1870. Proe. Roy. Soc. Queensland, 2:193-198. 

Perry, J. S. 

1945. The leproduction of the wild brown rat (Rattiis norvegievs Erxlebon). Proc. Zool. Soc. 
London, 115:19-46. 

PiDGEON, T. M. 

1937. The ecology of the central coastal area of Now South Wales. I. The environment and 
general features of the vegetation. Proc. Linn. Soc. Now South Wales, 62:315-340. 

1938. The ecology of the central coastal area of New South Wales. II. Plant succession on 
the Ilawkesbury sandstone. Zhfd., 63:1-26. 

Reynolds, n. C. 

1952. Studies on reproduction in the ox)os8um {Didrlphis virgxniana vwgxniaTio), Univ. Calif. 
Publ. Zool., 52:223-284. 

Sawebs, W. C. 

1938. Some aspects of the leptosi)irosis problem in Australia. Med. Jour. Australia, June 25, 
1938, pp. 1089-1096. 

Shelesnyak, M. C., S. Rosen, and L. R. Zaoiiabtas 

1940. Nasogenital relationsliip. Ilf. Some aspects of sexual function in female rats deprived 
of sphenopalatine ganglia. Proc. Soc. Exp. Biol, and Mod., 45:449-451. 

SnOBTRIDOE, G. 0. 

1936. Field notes (hitherto unpublished) on western Australian mammals south of the Tropic 
of Capricorn (exclusive of Maraupialia and Monotremata), and records of specimens 
collected during the Balston expeditions, Proc. Zool. Soc. London, part 3, pp. 743-749. 
SiMOKAWA, S. 

1938. Einige Bemerkungen fiber den Clitorisknochen. Keijo Jour. Med., 9:273-282. 

Tate, G. BI. H. 

1935. Rodents of the genera Eattus and Mv>s from the Pacific Islands. Amer. Mus. Nat. Hist. 
Bull. 68:145-178. 

1936. Muridae of the Indo-Australian region. Ihid., 72:501-728. 

1951. Results of the Archbold expeditions. No. 65. The rodents of Australia and New Guinea. 
Ibid., 97:183-430. 

Trottgiiton, E. 

1920. Notes on Australian mammals. Rcc. Australian Mus., 13:118-122. 

1939. Queensland rats of economic importance, and new forms of Eatius and Thetomys, Ibid,, 
20:278-281. 

1954. Furred animals of Australia. 5th ed., Sydney: Angus and Robertson. 376 pp. 

Watson, J. S. 

1950. Some observations on the reproduction of Eattus rattus L. Proc. Zool. Soc. London, 
120 : 1 - 12 . 

Young, W. 0., J. L. Bohing, and R. J. Blanden 

1941. The vaginal smear picture, sexual receptivity and time of ovulation in the albino rat. 
Anat. Rec., 80:37-45. 




PLATES 






UNIV LA11» lV)m /OOl voi /o 


ITAYLORl PI ATE 










\%-k 






, Jr ^ •' 'i 

f^/ {^__.i ; «;v^ 

‘ vVIC" 


ffe '. 

LiX *'■'.. « , _ ' • v^.±IW7. M 


rk''A 


'■<*’”'''fe-'-'iif A-'"'** '^"‘5\dSJ^TkLl^lk%^r ''s^'I 

If..'' .'■ ‘■lyO^Wn''^ *'.'■] 


(f N\ u I ill S uu Iu u > m < 1 st il y M // /y / / s 1( I si 1 )i list ml \ i w is 1) i til I > In —i i< i 
St ^mi III li\ iI 11 p< ^ ^ ^ aflus <(ss ni //s 1 Ik lo^t 1 li I il ii M u li 1 M)’)’) 1 \ ) M n\ 1 i\l )i 








• ’ >:C'"■ > 

'■f '' ■■•■ Va■^ ■ ' ■ V ' V 


1 ) 1 ow SCI lib tore si on xri c xsl 1 icinjjf slopt of Win lU SuKluiry Put of i sindslonc oul(ioj) 
IS shown in tlio inimtdiitt toicgionnd Biokcu Biy ind JJox Ik id iii in the dist uiu Photo 
ix)h (Kodacliiomc) 1 ikfn Apiil ?, by B Lli/ibcth Houut 


1 tJ 1 





UNIV CALIh PUBL 7001 VOL 60 I 


TAYLOR PLATE 3 



(I C)\ u> o( in iniTii dm hail ts assintlis assimdis on< 
nuntli <11 si w jiimiiN ml w,H»\Mn^ lolh Ics y 22 



T ) 0 \ iiy oL imituK I * o assnnihs wilhtliicc LulH loinud 
( 01 poi ihiiox X 22 


[ 63 ] 



IN V CAM f J I /OO C 


I 


lA'i ;i HAIL ; 



f*. *••? • ”•" ‘•#,•*• ‘ ' • , . »*ijJ 

• **• • |4»» ■‘VI' *■' 

■■* Y ’ s ii * * J 

‘'jfP-'i*'" 

"fc’*** * -<»* '•’ik * 





* 

« f < 

4 


•’ 5 

. % ^ 

**► » 

Jm s 

S nnm I H ns hj| iil( s (1 m 1 si IS 1 nun! fill 
I 1 six \M ^ s| 11 H (\ I s in I I \ I 


y' f 


III 
(Uin s 


I ] 1 nlh 



h bt mimftious tuliuUs tioni tlu listis ot i mituu J a assuml s lln till uU -wills iii in ii 
Uu cintii ot-tin plioio^i i])h uni tin s|Knniti(ls uni lunniis u( m u tin lop unllollom / bOO 


IMl 



UNIV CALIF PUBL ZOOl VOL 60 I 


LTAYLORJ PLATh 





6. Laboratory-raised S. a. assimilis, female adult. X %. 


[66] 





VARIATION IN SOME 
SALT-MARSH POPULATIONS OF 
MICROTUS CALIFORNICUS 


BY 

CHARLES S. THAELER, JR. 


UNIVERSITY OF CALIFORNIA PRESS 
BERKELEY AND LOS ANGELES 
1961 



Univirsiiy of California Purlicaiions in ZoOixXrV 
Editors (Bikki ley): W. B. Quay, S. B. Benson, P. R. Mari i 

Volume 60, No. 2, pp. 67-94,21 fij^urus in text 
Suhinitted by cclilors Fchniiiry 21, 1961 
Issued November 2H, 1961 
Pi ice, 75 cents 


University of Caliiornia Priss 
Berkeley and Los Ancelf.s 
California 


Camdridck University Prfss 
London, Engi^nd 


PRINTED IN THE UNITED STATES OF AMERICA 



VARIATION IN SOME SALT-MARSH POPULATIONS 
OF MICROTUS CALIPORNICUS 

BY 

CHABLES S. THAELEE, JE. 

(A contribution from the Museum of Vertebrate Zoology of the University of California) 

INTRODUCTION 

It has long been known that the voles of the salt marshes around San Francisco 
Bay differ from those in the surrounding upland localities (Grinnell, 1913). 
Kellogg (1918) proposed the name Microtus califomicus aestuarinits for the rather 
large dark form of these mice found in the Central Valley of California and 
in the marshes on the north side of Suisun and San Pablo bays. He also suggested 
that the mice from marshes around the south end of San Francisco Bay might be 
distinct from M, c. califomicus. In 1935 Hatfield assigned the name M. c. palu- 
dicola to the mice occurring in salt marshes from El Cerrito, Contra Costa County, 
south around the southern arm of San Francisco Bay. In his summary of rodents 
of the Bay Area, Hooper (1944) extended the range of M. c. aestuarinus by recog¬ 
nizing the voles from the south side of Suisun Bay (i.e., the salt marshes east of 
Martinez) as M. c. aesiuarinus and those from the marshes at Giant and the mouth 
of San Pablo Creek as intermediate in characters between M. c. aestuarinus and 
M. c. paludicola, although he assigned them to the former subspecies. 
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POPULATIONS TREATED 

Samples from ten different localities were used in this study (see fig. 1). These 
will be referred to as (1) Berkeley Hills (B.H.)—^various localities within one 
mile of Strawberry Canyon in Alameda and Contra Costa counties; (2) Grizzly 
Island (G.Is.)—^located on the north side of Suisun Bay, Solano County; (3) 
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Tracy Lake (Tr.L.)—6 miles SW Gall, San Joaqnin County; (4) Walnut Creek 
(W.Cr.)—^various localities between Lafayette and Mount Dijiblo, Contra Costa 
County; (5) Pinole (Pin )—a sail marsh 0.7 mile N, 0.2 mile W Pinole, Contra 
Costa County; (6) Martinez (Mart )—several localities in salt marshes oast of 
Martinez including a series from 1 mile W Avon; (7) San Pablo Crook (S.P.Cr.)— 
salt marshes at the mouth of San Pablo Creek and also W Giant, Contra Costa 
County; (8) Point Isabel (Pt.I.)—salt marshes 0.5 mile W El Cerrito, Contra 



Pig. 1. Map of San Prancisco Bay area showing localities included in this study and the 

distribution of salt marshes. 


Costa County, and along the Eastshore Freeway, Alameda County; (9) Bay Farm 
Island (B.F.Is.)—^various localities within a half-mile radius, incltiding specimens 
from Melrose Marsh, all in the salt marshes near Bay Farm Island, Alameda 
County; and (10) Hayward Landing (HL.)—^three localities in the salt marshes 
including specimens from Alvarado and a point 5% miles S San Leandro, all in 
Alameda County, Speeimais from more than a single locality have been lumped 
together only when the intervening area does not represent an obvious natural 
barrier. Therefore, each sample may be considered as having been drawn from 
a single population. 

The material used in this study is in the Museum of Vertebrate Zoology (abbre¬ 
viated MVZ) of the University of OaUfomia, Several series, notably those from 
Martinez and San Pablo Credk marshes, have recently been augmented by speci¬ 
mens collected by the author and others. 
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METHODS 

AaiNa 

Several features of the development, life history, and morphology of Microtus 
complicate taxonomic studies of this group. The life expectancy of the animal is 
very short relative to its period of growth. Blair (1948) estimated the average life 
span for M. pennsylvanicus to be 4.23 months, but many individuals continue to 
grow after they have reached this age. Pitch (1957) states that for M. ochrogaster, 
animals measuring 160 mm. (total length), which are about five months old, the 
growth rate is about 0.1 mm. per day. As a consequence, wild-caught samples of 
voles show, for most measurements, wide variations resulting from the age differ¬ 
ences within the sample. In his recent study of M. montanus Anderson (1959) also 
has made this point. Since M. calif ornicus is reproductively mature at least by two 
months of age (Grconwald, 1957), and since it completes its molt into adult pelage 
at about this time (Bcke and Kinney, 1956), the criteria of molt and reproductive 
maturity cannot be used to eliminate variation in measurements resulting from 
age differences. Significant differences were foimd in a series of measurements from 
two samples of voles, all with adult pelage. These series came from different locali¬ 
ties within one mile of each other in the Berkeley Hills. Difference in the average 
age of the samples accounts for the apparent size difference between these two 
samples. 

It is necessary, then, to find some criteria that can be used to group individuals 
of the same age so that comparisons can be made. Although the degree of tooth wear 
has been used for this purpose in some mammals, the ever-growiag nature of 
Microtus teeth precludes this possibility. Howell (1924) has pointed out the 
difficulty of using the degree of suture closure in M. montemus as a criterion of 
age. Although various authors have used weight, total length, and length of skull 
as bases for estimating the age of voles, such criteria do not give comparable groups 
when populations of different size are compared. 

This view differs somewhat from that expressed by Anderson (1959) in his work 
with Microtus montanus. He used an arbitrary lower limit of body length or 
condylobasilar length to distinguish adult animals. He argued that such a pro¬ 
cedure would introduce less bias than the use of other “more subjective” criteria. 
However, he attempted to compensate for age variation in condylobasilar measure¬ 
ments by the use of his “index of maturity” when comparing this measurement 
among various populations. This correction may be considered similar to the cor¬ 
rections made for all measurements affected by age variation diown here in tables 
1-3 and figures 4-17. 

In this study I have adopted a method devised by Snyder (1954), in his study 
of Microtus pennsylvanicus, for obtaining an age index. The method is based on 
changes in appearance, correlated with increasing age, of three regions of the 
posterior portion of the skull: the exoccipital-mastoid crest, the lambdoidal crest, 
and the paroccipital processes. Numbers were assigned to four arbitrarily des%- 
nated stages in development of these regions. (Snyder recognized only three stages 
of development of the paroccipital processes in M. pennsyl/vamcus.) The sum of 
these three numbers for each skuU gives an age index consisting of ten classes 
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(3-12). In practice there was rarely a difference of more than one between any 
two values assigned to these regions of a given skull, althoiigh (he stage of develop¬ 
ment for each character was judged independently. Also, when a sample was 
divided into elasses, the averages of most measurements for each successive class 
showed a progressive increase. These classes are not to be considered comparable to 
those of Sny(lcr, nor do the classes represent o(iual time intervals. 

This age index is admittedly subjectivo and not entirely reproducible. Although 
the series of skulls first grouped into elas.ses (Berkeley Hills) was used as a basis 
for all future work, repeated classification showed that the results could not be 
reproduced exactly. However, the differences appeared to be alight. IIow accurate 
this method is in establishing true age clas.ses is not known. The corapsirlson 
between the estimated age class and tlie known age of a few skrills is discussed 
below. 


Statistical Analysis 

It is not feasible to compare only specimens of a single class or even to combine 
two successive classes, since the sample size would then bo too small. For example, 
a large series from the Berkeley Hills (91 specimens) vras found to contain only 
18 animals of both sexes from the two oldest classes. Although Snyder felt he 
could combine the four oldest groups in his work with Microlvs pcnnsylvanicus, 
the criteria ho used in establishing age groups may have resulted in a somewhat 
different composition of tliese categories. Therefore comparisons w(‘ro made by 
an analysis of covariance. This eliminated any errors (hat might result from 
combining several classes. Furthemorc all the available data could he used. 

In performing an analysis of covariance the following procedure was applied. 
Fii’st, a test was made to determine whether the measurement increased with ago 
(i.e., tost of the hypothesis j3 = 0). ^ refers to the slope of the regre&sion of a given 
measurement on the age index. A second test was performed to determine whetlier 
the increase with age, if present, was the same for each population (i.e., test of the 
hypothesis j8i = )3j = ... = j8s). If neither of these hypotheses was rejected, a test 
was then performed to see if the populations were the same (i.c., to test the hy¬ 
pothesis that a single regression line could be used for all the samples). The pro¬ 
cedure for these analyses is that outlined by Wilks (1948). Finally, following the 
procedure suggested in Dixon and Massey (1957), a test was made to determine 
whether the relation between size and ago was linear. All tests were judged at the 
5 per cent level of significance. 

The sbuUs which fell into classes 3, 4, and 5 were from obviously young animals, 
and none of these classes were well represented in the sample. The specimens in age 
class 6 and older were in adult pelage and those in younger classes had not yet 
obtained a full adult pelage. Therefore, only specimens of class 6 and above were 
used in these analyses. 

The following series of skull measurements were made: greatest length of itoll, 
condylozygomatic length, length of diastema, length of rostrum, cranial breadth, 
cranial height, interorbital breadth, zygomatic breadth, and length of molar row. 
The first eight of these were measured as described by Snyder (1954). The length 
of molar row was measured along the occluding surface of the upper molars. The 
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standard body measurements (total length, tail, and hind foot) were those of the 
collector as recorded on the specimen labels. 

Color Analysis 

In most taxononiie studies the pelage color of specimens is of importance. However, 
the nature and extent of variation in color must be recognized before any con¬ 
clusions can be drawn about the differences in color between populations. Various 
authors (Durham, 1941; Anderson, 1956; Rudd, 1955; Bowers, 1956; and Norris, 
1958, to mention a few) have used different methods to acliieve this aim. In this 
study the Munsell Color Charts (1942) were used as the color standards. R. S. 
Miller (1958) and Bowers (1956) have discussed the advantages of this system 
of color notation. 

A group of specimens was selected to match the color chips representing the 
variation shown by the mid-dorsal pelage of the specimens to be analyzed. Using 
these skins as standards, the remaining skins were matched with this series. This 
procedure was adopted because the individual hairs differ in color and the result¬ 
ant blended color was the one that was to be determined. Where skins represented 
intermediate colors, interpolations were made. Matching of colors was done under 
constant daylight conditions. 

Since the variation in chroma was slight and tended to parallel the variation 
in value, I felt that the former variable (chroma) could be omitted without intro¬ 
ducing serious error. This modification in the color designation allowed the con¬ 
struction of scatter diagrams on which to base comparisons of various samples. 
Hue and value were plotted on the horizontal and vertical axes, respectively (figs. 
2, 18, 19, 21). 


Analysis of Nonmeasurable Differences 

Comparisons of nonmeasurable differences in skull structure and teeth were made 
between specimens representing the same sex and class. These differences have been 
mentioned where at least 75 per cent of the specimens of each subspecies could be 
identified correctly on the basis of the character being considered. Such characters 
include shape of the zygomatic arches, shape of the auditory bullae, and shape 
of the brain case. 


INTRAPOPULATION VARIATION 

An intensive study was made of the variation within a single population. For this 
study a sample of 91 specimens from the Berkeley Hills was used. Analysis of 
the measurements revealed that, of the three body measurements and nine skull 
measurements taken, all but those of the hind foot and interorbital breadth 
varied significantly with age. Furthermore, of those which did vary with age 
there was no significant difference between males and females. When a #-test 
(az= .05) was applied to the measurements of the hind foot and interorbital con¬ 
striction a significant difference was found between males and females (see table 
3). 

Using these conclusions, a pattern was established for comparing samples from 
the ten localities noted earlier. All measurements except those of hind foot and 
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inlerorbital breadth were compared by an analysis of covariance, and the sexes 
were not separated. Measurements of hind foot and interorbital constriction were 
compared by an analysis of variance, and sexes were considered separately. 

A study of intrapopulalional color variation was made, using the scatter dia¬ 
grams previously described. Using a large sample collected at one time (i.e., part 
of S.P.Cr. sample), the colors of individuals, all ela.sa 6 or above, were plotted 
and designations of age and sex were included for points on the scatter diagram. 
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Fig. 2. Scatter diagram showing seasonal diitoreneo in dorsal pelage color of 
Berkeley Hills sample, class 6 and above. 

However, color variation did not appear to he related to either sex or ago. Then 
the colors of individuals of another largo sample (B.II. sample) were plotted, with 
the month of collection designated. This showed a decided dichotomy in color of 
the sample. Specimens collected from November through April were darker and 
more yellow than specimens taken throughout the remainder of the year (fig. 2). 
The latter were lighter and more reddish. There was a narrow zone of overlap be¬ 
tween the colors for these two parts of the year. Aside from this overlap, only 6 per 
cent (5 in 84) of the individuals were inconsistent. 

Further investigation of the remaining samples showed that such a distinction 
was apparent in all samples which included specimens from both periods of the 
year, with the exception of the sample from Martinez. Thus in comparing samples 
only specimens collected between November and April were used. 
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CLASSES OP KNOWN-AGE SKULLS 

Through the kindness of Elbert M. Brock and Alan C. Ziegler I was able to study 
36 known-age skulls of Microtus calif omicus which had been raised under a variety 
of laboratory conditions. I was interested in determining whether the results 
obtained from the scheme for estimating age employed here were reasonably con¬ 
sistent with the known age of these specimens. Figure 3 shows the comparison 
between age index and known age. Animals in class 6 are about 55 days old and 
have adult pelage, which is consistent with the fin din gs of Ecke and Kiimey (1956) 
that M. calif omicus starts its molt into adult pelage at about 50 days. 

Furthermore, it can be seen that females about 85 days old were placed in a 
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younger class than males of the same age. We are thus led to conclude that the 
characters used in estimating ago develop more slowly in females. This fact would 
also suggest an explanation for several observations that are inconsistent with 
the findings of Others. Several workers have maintained that males are larger 
than females (Snyder, 1954, and others). Although I found no difEerenee in most 
measurements between males and females, males appear to be younger than fe¬ 
males of equal size. Thus females would be smaller than males of comparable age. 
This difference in rate of development of the age criteria would also explain why 
the females appeared to have an average age that was younger than that of the 
males. The work of Leslie, Chitty, and Chitty (1953) with Microtus agrestris 
would support the opposite conclusion, since they found that females had a lower 
mortality rate than males. 

DISTEIBUTION AND EXTENT OP SALT MARSHES 

Although salt marshes are widely scattered along the margin of San Francisco 
Bay, they do not form, and apparently have not formed m the recent past, a con¬ 
tinuous belt around the bay (see fig. 1). Since the disjunct distribution and rela¬ 
tive size of these marshes seem to be closely related to the occurrence of differing 
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populations of voles, those factors will bo briefly dosoribod. On Iho south side of 
Suisun Bay, marshes extend from a point 5 miles west of Antioch to the vicinity 
of Martinesi. Tt is possible that these marshes once extended farther east, but ap¬ 
parently never cast of Antioch, since here the bay is bordci'cd by a stretch of high 
ground. These mai'shcs fomerly covered about 7,000 acres, but their present ex¬ 
panse is 5,000 acres or less. The marshes on the north side of the bay cover about 
50,000 acres and arc connected with extensive marshes in the delta. 

To the west, the highlands Iwrdering the Oaniuinez Strait preclude the possi¬ 
bility of any habitable belt of marsh. Prom the Strait to (Jiant several uncon¬ 
nected marshes occur at the mouths of small streams. These are of limited extent. 
The marsh at Pinole covers about JlO acres South of Giant there formerly was an 
almost continuous bolt of marsh to a point beyond Point Isabel. However, within 
the past seventy years much of the area has been altered; this marsh is now sepa¬ 
rated into two major parts: the northern part includes the marshes from Giant 
south to San Pablo Creek; the southern part includes Point Isabel and several 
small marshes south of Richmond. The more northern part once had an area of 
about 2,500 acres, which has been reduced to 1,000 acres. The marsh at Point 
Isabel has decreased from 250 to 75 acres. 

South of Point Isabel no marshes are sho^vn on ina])s of the 1890’s. The possi¬ 
bility that any extensive marshes existed earlier is precluded by the topography 
of tlie area. The 25-foot contour line (TISGS quadrangle, San Francisco, ed. 1890, 
surveyed 1892-1894) comes within leas than a tenth of a mile of the bay. Only a 
narrow band of marsh habitat could have been present in the area. Farther south, 
marshes seem to have been relatively continuous around the southern end of the 
bay, covering about 60,000 acres, but at jn’cstmt the area is somewhat less. 

The descriptions are based on Unitetl States G('ologicoI Survey (jnadranglcs 
(Antioch 1908 ed.; Palo Alto, 1899 ed.; San Francisco, 1899 ed ; San Jose, 1899 
ed.; San Mateo, 1915 ed.). The scale of each is 1:62500. The figures indicating 
acreage ai-e rough approximations intended to illustrate the relative differences. 
Some estimates of the present extent of those marshes liave been made from per¬ 
sonal observations. 

RESULTS OP THE COMPARISONS OP POPULATIONS 

All twelve measurements used in this study were found to vary significantly among 
the ten populations studied. For the ten measurements that varied significantly 
with age, the hypothesis that a single regression line could bo used to represent all 
ton populations was rejected; for the two measurements that were independent of 
age, for animals in class 6 and above, the hypothesis that the moan was the same 
for all ten populations was rejected. Therefore, it is of interest to determine which 
differences between populations are significant, that is, which differences led to the 
rejection of the hypothesis of a single regression line or of equal means. A method 
developed by Schefffi (1953, 1959) for judging all possible contrasts between 
pairs or groups of populations was employed. First, the differences between vari¬ 
ous pairs of populations were tested for significance. When a significant difference 
was found between any two populations it was assumed that all pairs involving 
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more extreme combinations were also different. Following the suggestion of 
Scheff6 (1959), all contrasts were tested at the 10 per cent level of significance. 

The results of these contrasts are summarized in figures 4-17. For the estimate 
of the mean of each population at class 9, shown on tables 1 and 2 and figures 4-17, 
the estimate of the common slope, B«,, was used. Following a procedure suggested 
by Duncan (1955), these means have been plotted and lines drawn under them: 
all means underscored by a given line were found not to differ significantly from 
one another, and aU means not underscored by the same line did differ signifi¬ 
cantly. 

Since several of the available samples were small (less than 25), contrasts in¬ 
cluding such samples were not very discriminatory, and differences that might be 
recognized with larger samples are not distinguished. Hence additional contrasts 
were made between groups of populations; two or more populations on one hand 
and one or more populations on the other. The groups tested were those suggested 
by the data. For example, when the tail length of mice from the Berkeley Hills is 
contrasted with that of mice from any one of the three populations assigned to 
Microtm califomdem paludicola by Hatfield (H.L., B.F.Is., or Ptl.), no sig¬ 
nificant difference is shown (fig. 5). However, if the three M. c. paludicola samples 
are grouped together, tail length in this group is found to be significantly shorter 
than in the Berkeley Hills population. A summary of such contrasts follows. 

In total length (fig. 4), the Grizzly Island and Tracy Lake group was found to 
be longer than the Martinez population. The Walnut Creek, San Pablo Creek, 
Pinole, Berkeley Hills, Hayward Landing, and Bay Farm Island group is shorter 
than the Martinez population. The Point Isabel population is shorter than the 
group of six localities listed. 

When tail measurements for Bay Farm Island, Hayward Landing, and Point 
Isabel are grouped, they are shorter than those of the Berkeley Hills population 
(fig. 5). 

The hind-foot length of males (fig. 6) in the Tracy Lake and Grizzly Island 
group was not significantly longer than in the Pinole population. The latter was 
not significantly longer than in the Hayward Landing, Martinez, Berkeley HiUs, 
San Pablo Creek, Walnut Creek, and Point Isabel group, and this group was not 
significantly longer than in the Bay Farm Island population. 

When the hind-foot length of females (fig. 7) in the Grizzly Island and Tracy 
Lake group was tested against the Martinez population, the latter was significantly 
shorter, but the former two were not shorter than the Pinole population. The 
Martinez population was found to be longer than the Hayward Landing, Walnut 
Creek, Berkeley Hills, San Pablo Creek, and Point Isabel group. The latter group 
was longer than the Bay Farm Island population. 

When the greatest length of skull of the Martinez population was tested against 
all shorter populations (fig. 8), it was found to be significantly longer. 

In zygomatic breadth (fig. 9) the Tracy Lake and Grizzly Island group was 
wider than the Martinez population, but not wider than the Pinole population. 
The Martinez population was found to be not wider than the San Pablo Credc, 
Bay Farm Island, Walnut Creek, Hayward Ijanding, and Berkdey Hills group. 
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In cranial height (fig. 11) the Grizzly Mand and Tracy Lake group measured 
significantly larger than the Martinez population. The latter was not significantly 
larger than all smaller populations grouped together. 

The Tracy Lake and Grizzly Island group had a significantly longer diastema 
than the Martinez population (fig. 14). 

Additional contrasts between grouped populations were made for length of 
rostrum (fig. 15). The Grizzly Island and Tracy Lake group had a longer rostrum 
than the Martinez population, and the Martinez population was longer than aU 
smaller populations when the latter were grouped together. 

The interorbital breadth of females (fig. 17) from the Grizzly Island and Tracy 
Lake group was found to be greater than in all the numerically smaller popula¬ 
tions grouped together. 

MiOBOTUS OALIFOBNICUS CALIFOBNICUS 

Upland populations. —Specimens from two localities previously described (B.H. 
and W.Cr.) represent populations of the race Microtus c. calif omicus from upland 
habitats. The two samples are similar in dimensions. Except for cranial breadth, 
no significant differences were found in the measurements of these two popula¬ 
tions (figs. 4-17). Cranial breadth does not appear to have taxonomic significance, 
since the groupings of the populations suggested by this (fig. 12) are quite dif¬ 
ferent from those suggested by other measurements, color, and nonmeasured skull 
characters. The measurement of cranial breadth has therefore been omitted from 
further consideration. 
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Fig. 18. Comparison of dorsal poluKO oolor of spocimons, olass (5 ami older, NovomlK'r April, 
of M. o. califormam (Berkeley Hills) and M. c. "paludwola” (Bay Farm Island). Unclosed areas 
include approximately 90 per cent of individuals in each sample. 

Status of the PinoU popidation .—This population inhabits part of a very 
limited salt marsh on the southeast shore of San Pablo Bay. In soneral it is similar 
to populations of Microius californiew califorrdcus from upland localities. IIow- 
ever, one measurement, that of hind foot, is significantly longer than that of the 
upland populations (figs. 6 and 7). Since there arc relatively few specimens in the 
sample, and these were collected by several different persons, the difference may 
represent only a sampling or measuring error. It appears tliat this population 
should be considered as merely an undifferentiated representative of M. c. cali- 
fomicus. 

Status of Microtus califomicus paludiexila.—In his description of this race Hat¬ 
field (1935) distinguished it from M. c. califomicus on the basis of the following 
features: total length less, dorsal coloration darker, dorsal hairs darker basally, 
rostrum longer, brain case more narrow and more shallow. He also mentioned that 
the brain ease is rounded anteriorly and that a flattening of the interorbital region 
and of the occiput is characteristic. Hooper (1944) mentioned a more reddish 
dorsum, longer nasals (relative to the molar row), and a posterior internal loop 
of M* as characters distinguishing ilf. c. palvdicola from M. c. califomicus. 

In this study, samples from three populations which have boon assigned to 
M. c. pahidicola were analyzed: Point Isabel, Bay Farm Island (typo locality), 
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and Hayward Landing. It was found that only the tail measurement separated 
these three populations from those of M. c. californicus (fig. 5). The tail length of 
M, c. paludicola was found to be significantly shorter. Also, the total length in 
the Point Isabel population was significantly shorter than in the M. c. calif ornicus 
population (fig. 4), and the hind-foot length of females from Bay Farm Island 
was significantly less than that of M, c. calif ornicus females (fig. 7). But in no 
other measurement did any of the three populations of M. c. paludicola differ 
significantly from M. c. calif ornicus. 

The color of M, c. paludicola was stated to be darker and redder than that of 
M. c. calif ornicus. Figure 18 shows the almost complete overlap between the two 
groups in this regard. Several characters of the skull also are mentioned as sepa¬ 
rating M. c. paludicola from the upland race. Each of these was found to be in¬ 
consistent. For instance, only 8 of 19 skulls (classes 10-12) of the salt-marsh 
group showed the fiattening of the interorbital region, while 12 of 36 from the 
upland areas showed the same characteristic. 

This analysis has led me to conclude that, although the tail of populations 
assigned to M. c. paludicola and the hind foot of females from the type locality 
are shorter than in populations of M. c. calif ornicus, these characters do not 
provide sufficient grounds for recognizing M. c. paludicola as a subspecies. There¬ 
fore, M. c. paludicola should be placed in the synonymy of M. c. califomicus. 

San Pablo Creek Population 

Hooper (1944) characterized this population as intermediate between M. c. 
aestuarinus and M. c. paludicola. However, critical examination of a much larger 
sample than was available to him has led me to regard it as a separate subspecies. 
This race inhabits a very restricted area, and it can readily be distinguished from 
other races of M. califomicus. The inclusion of this population within the sub¬ 
species M. c. califomicus would result in a complex whose variation would appear 
to be greater than that found in the other races of the species. Furthermore, the 
differences between this form and its closest relative, M. c. califomicus, are as 
great as those between several other currently recognized races of this species. 

Microtus califomicus sanpabloeusis, new subspecies 

Type. —^Female, skin and skull; MVZ 123743, San Pablo Creek (salt marsh). Contra Costa 
County, California, December 23, 1958; collected by C. S. Thaeler, Jr.; original no. 748. 

Eange .—So far as known, limited to the salt marshes adjacent to the southeastern part of 
San Pablo Bay, northwest of Richmond and west of San Pablo and Giant, Contra Costa County, 
California. 

Diagnosis. —Color: a dark subspecies with a yellowish cast; general color of the dorsum very 
dark, approaching black in extremes. Skull: posterior portion of the palatine deeply excavated, 
and with prominent transverse ridges ventral to these excavations. This subspecies has a narrow 
rostrum and inflated bullae. 

CompaiisoThs .—^In no measurement does this subspecies differ signiflcantly from M. c. calir 
fornicus from the Berkeley Hills (see flgs. 4-17). However, M. o. califomicus differs in color, 
being lighter and more reddish (flg. 19). The skull of M. c. oaUfornicus is similar, but differs 
in that the posterior portion of the palatine is gently sloping, the rostrum tends to be broader, 
and the bullae tend to be less inflated. It differs from M. c. aestuarinus in being smaller and less 
reddish, from M. c. exmm from Marin County in being smaller, less reddish, and darker. 

Measv/rements .—See tables 1-3. 
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Hp<ovm,ins (xamind .—Total of 84, all from Contra Costa t’ounly, Onlifomin: Ciaul (salt 
marsh), MVZ 8351^83521,122070-122070, 122080; % milo S Ciant (salt marsh), MVZ 8.3518; 
2 miles W, 2% railos N Richmond, MVZ 704C5; San I‘ablo Creek (salt marsh), MVZ 123085- 
123691, 123736-123789; 1 mile E mouth of San Pablo Crook, MVZ 83513-83517. 

Samarks .—The range of M. e. sanpablotnsis approaches that of M, e. coK/o» wens most closely 
just north of Qiaat. The few speoimous at hand from Qiant reflect this proximity, since they 
appear lighter, on the average, tiian specimens from San Pablo Creek. 


MiCROTUS CAUlfOBNIOUS AKSTUARINIJS 

Samples from two localities were roforablc to this subspoeios. Tho-so wtw from 
G-rizzly Island (typo locality) and from Tracy Lake. This met' is easily dis- 
tinguidied from if. c. caUfomicus by its larger size, darker and more reddish 
coloration, and several relatively consistent characters of the skull, for example, 
the shape of the zygomatic arches and brain case, tlie procumhcncy of the in¬ 
cisors, and the diape of the lip of the auditory meatus. The two samples are very 
similar, and are distinct from all other samples. In only one measurement was 
there a significant difference between the two samples (fig. 6). The tail length of 
the Tracy Lake series (61.0 mm.) is appreciably longer than that of the Grizzly 
Island sample (51.3 mm.), which is not significantly longer tlian samples from 
several other localities. However, since iho samples wore obtained and measured 
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Fig. 20. Plot of greatest length of skull against class for three populations: M. c. aestuarmus 
(Grizzly Island), M, c. califotnuius X aestmn'mm (Martinez), and M, o, califomicus (Berkeley 
mils). 

by different collectors, this difference may be the result of different measuring 
techniques. 

The color of the dorsal pelage of these samples is similar, although the Tracy 
Lake series is slightly lighter. Compared with the other samples, those of M. c. 
aestuarinus are distinctly redder and are equaled in darkness or amount of black 
pigment in the pelage only by the sample from Martinez. 

In his description of the race M. c. aestuarinus, Kellogg (1918) mentions twenty 
or more features of the skull and teeth that tend to distinguish this race from 
M. c. californicus. However, the two subspecies overlap for most of these, and only 
specimens that show the extreme expression of the character can be correctly 
identified. Two characters, the shape of the zygomatic arch and the shape of the 
brain case, were found to be consistent in older animals. More precisely, 17 of 19 
specimens in class 10 or above from the two series of this subspecies could be dis¬ 
tinguished on the basis of shape of the zygomatic arches, while 26 of 28 specimens 
of M, c. calif omicus from Walnut Creek and the Berkeley Hills (class 10 or older) 
could be distinguished from M. c. a^estuarinus by this character. On the basis of 
the shape of the brain case, all 14 specimens of M. c. aestuarinus (classes 11 and 
12) could be distinguished from all 16 specimens of M, c. calif omicus of com¬ 
parable age classes. 

Two other consistently different characters were noted. The incisors of M, c. 
aestuarinus are more procumbent than those of M, c. califomicus. In class 10 or 
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l''nj. til. (’cimimiiaoii of dorsal iK'luKfl oolor of BiMvinioas, clasM (5 and older, NoNoralx'r April, 
of Uireo popalaliona: M. c. aiMiumnus ((hi//ly Islamll, M. r. rahfmniru', < ai'.tunnn'ui (Mar 
tinoz), anil M. c. califomievA (IWrkelpy Hills). Kneloscd areas inelude uppiosinialely 91) per 
eent of iiulivuluols m eaeh sample. 


older, 27 of 28 spc'clraens of JIf. c. lalifomirxis and 18 of 19 spochnons of M. c. 
aestuarinw! could be propei'ly recognized. A sceond cluiraelcr involves the thick¬ 
ness and amount of flare of the lip of the auditory meatus. This li]) was thinner 
and more flared in M. c. cdliformeus. On the basis of this eharaeter, 27 of 28 speci¬ 
mens of M. c. cdlifornicus and all 19 specimens of M. c. aestmrimis (classes 10-12) 
could bo properly identified. 

Tun Martinez Poi’uiiATioN 

Although Hooper (1944) referred tliis population to M, c. aestuarinus, a more 
critical examination based on more material that) was available to him has led me 
to a different conclusion. Admittedly, the Martinez population resembles M. o. 
aestuariwus in the amount of black in the dorsal pelage; however, it averages more 
yellow or less red than M. c. aestmrimis, Fui-thermore, an analysis of the measure¬ 
ments of the body and skull indicate that, in general, the Martinez population is 
smaller than M. c. aestuarinus in total length, hind foot, greatest length of skull, 
zygomatic breadth, condylozygomatic length, cranial height, length of molar 
row, length of diastema, and length of rostrum. 

Nor does the Martinez population closely resemble M. c. calif onmus, since the 
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former is darker and longer in total length, length of hind foot (females), greatest 
length of skull, length of diastema, and length of rostrum. It differs from M. c. 
sanpabloensis in that it is longer in the above-mentioned characters and more 
reddish. 

If the attempt is made to relate the Martinez population to either M. c. aestur- 
arimis or M. c. calif ornicus on the basis of nonmeasurable skull characters, no 
conclusive results can be obtained. Identification by the use of these characters, 
when applied to 16 specimens of the older age classes (10-12) from the Martinez 
population, gave the following results: 12 were referable to M. c. califomiem and 
3 to M. c. aestuarinus by the shape of tlie zygomatic arches (one with broken 
zygomatic arches); on the basis of the degree of procumbency of the incisors, 9 
were referable to M. c. calif ornicus and 7 to ilf. c. aestuarinus; on the basis of the 
lip of the auditory meatus, 8 were referable to M. c. calif ornicus and 8 to M. c. 
aestuarinus; on the basis of the brain-case shape (classes 11 and 12 only), 6 were 
referable to M. c. calif ornicus and 3 to M. c. aestuarinus. Although each of these 
characters correctly identified at least 90 per cent of all specimens of cither M. c. 
calif ornicus or ilf. c. aestuarinus, with regard to the Martinez populations these 
characters would serve to identify the available specimens only 50-80 per cent 
of the time if this population were referred to M. c. calif ornicus, or 20-50 per cent 
of the time if it were referred to Jlf. c. aestuarinus. 

Therefore it can be concluded that the Martinez population cannot properly be 
referred to any existing race. I have concluded that it should be designated M. c. 
calif ornicus x aestuarinus. This view is discussed below. 

DISTRIBUTION OF MICROTUS IN COMPARISON TO SOME 
OTHER INHABITANTS OP SALT MARSHES 

Although no other higher vertebrate is now known that shows the same pattern 
of distribution as that of Microtus calif ornicus in the salt marshes of San Fran¬ 
cisco Bay, several show parallels with it. Within the area arc two species of harvest 
mice: Beithrodontomys megaloiis is an upland species; B. raviventris is restricted 
to the salt marslics. The subspecies B. raviventris raviventris ranges around the 
southern arm of the Bay, north to the marsh at San Pablo Creek, and apparently 
is absent from the marsh at Pinole. A second subspecies, B. r. halicoetes, occurs 
in the Martinez marshes, in the Sacramento-San Joaquin delta, and on Grizzly 
Island. Here, then, the discontinuity of marshes between San Pablo Creek and 
Martinez forms a break between the two subspecies of B. ramventris just as it does 
between M. c. sanpabloensis and the unrelated Martinez population {M. c. cali- 
fornicus x aestuarinus). Only the upland form is represented in the isolated 
marsh at Pinole. 

Various forms of the genus Sorex have distributions paralleling those of Micro¬ 
tus in this area. Sorex sinuosus is found in the marshes north of Suisun Bay but 
not at Martinez, just as M. c. aestuarinus is found in the marshes north but not 
south of Suisun Bay. Sorex vagrans halicoetes, a form restricted to salt marges, 
is found from San Pablo Creek marshes south around the southern end of the bay. 
Here again the discontinuity of salt marshes between San Pablo Creek and 
Martinez results in a barrier to salt-marsh forms. 
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The pattern of dislribution of the races of the s[)arroTV, Melo'iyka mclodia, 
shows similarity to that of this vole. Within this area M. nulodia is represented by 
fotir races; one is an upland form and the otln'r throe ar(' limited to various salt 
marshes. One marsh race, itf. «i. pv-silhila, is limil('<l to the southern end of the bay, 
north to Stege, Contra Costa County (just north of Point Isabel). Mdo&piza 
melodia smnuelis is limited to the mai’shes aroTind Ran Pablo Bay; Marshall (1948) 
reports it from both San Pablo Creek marsh and Pinoh*. Mdo'ynza mclodia maxU- 
laris is limited to marslies aroimd Suisnn Bay. 

DISCUSSION 

The tendency for both birds and maninials to e\ol\e difl’erentiated forms in these 
salt marshes has been noted. Tlie data at hand are sulTieient to pennit sjx'eulation 
about some of the factors involved in the differentiation of Microtiis californicus 
and the relationships of the populations studied. The lack of differentiation be¬ 
tween the upland population and that found at Pinole is not surprising. The 
marshes here are isolated from other marslies and are limited in extent. They 
appear closely connected with the adjsicent upland population by the areas of 
suitable habitat tliat occur along the stream that ('mpties into the bay here. The 
small size of tlie marsh population and the relative lack of isolation suggest that 
any tendency toward differentiation in the marsh, as it now exists, has been 
limited by a eomtant swainping out of the marsh impnlation by that from the 
adjacent upland. This lack of (liff<'rentiation is in accord with the habitat pref- 
('renee suggested by trapping malts. The eleven sp<*cimens that 1 Kecur('d from 
this nrc'a w<‘re all taken along the edges of dik<*s and along tlu* railroad embank¬ 
ment. No mice were caught on lower gi*ound in tlu' marsh proper, although traps 
were set there. Most signs of Microlns activity wert' likewise limited to the dikes 
and the railroad embankment. Farthormore, nedther of tlie other typieal salt- 
marsh mammals, liciihrodondmiys r. ravivcntrii and Sores, vagram halicocios, 
both found in nearby San Pablo Creek marsh, are known from this marsh. Only 
Beithrodonfomys megaloli^ and Sores omaizis, both typieal of the adjacent up¬ 
land, have been taken from this locality. (Specimens of these species from the 
Pinole salt marsh are in the MVZ eolleetion.) 

Farther south the situation is somewhat more complicated. The moderately ex¬ 
tensive marshes at San Pablo Creek suppoid a differentiated population of voles 
(M. c. sanpdbloensis). This population resembles M. c. californicus in all respects 
except color and the throe skull characters mentioned. It is geographically isolated 
from the Martinez population and can he distinguished from it by its smaller 
measurements. Also, it does not show tlie mixing of the skull characters of M. c. 
aesittarinus and M. c. caUfomic%ts found at Martinez. Therefore, it appears to he 
a population derived from M. c. californicus by differentiation in situ, in this salt- 
mardi environment. However, soutli of hero, in the very extensive marshes around 
the southern arm of the bay, the vole populations remain undifferentiated from 
the adjacent populations of M. c. californicus. That the voles in these two areas 
of salt marsh differ is perhaps to be expected, in view of the fact that the marshes 
at San Pablo Creek are not connected with those farther south. Furthermore, the 
song sparrows differ racially in the two areas. Mclospiza melodia pusiUula in- 
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habits the marshes around the southern arm of the bay, while ilf. m. samuelis 
inhabits the marsh at San Pablo Creek. Although two other forms, Sorex vagrans 
hdlieoetes and Beithrodontomys r. raviventris, inhabit both localities, the situa¬ 
tion is not comparable, since these represent different speeies from those found 
in the adjacent uplands. 

The unexpected result, then, is that the vole populations in the mur ahe c; around 
the soiithern arm of the bay remain essentially undifferentiated from the upland 
form, whereas the voles from the San Pablo Creek marsh have evolved into a 
distinct subspecies. This development has not been caused by a difference in the 
amount of isolation afforded the two marsh populations, since they appear to be 
equally well isolated from (or connected to) adjacent upland populations. Volos 
are found throughout the hills which surround the bay, especially in moist areas. 
However, much of tlie gently sloping area between the hills and the bayside 
marshes was probably too dry to support vole populations regularly. This sup¬ 
position is difficult to test, for much of the area has been altered by urban de¬ 
velopment and irrigated farming. However, riparian habitats along stream banks 
did provide avenues of connection between upland localities and both of these 
salt marshes. 

Nor is there any evidence to support the argument that the southern population 
has failed to differentiate because it has been in existence a shorter time. Marshall 
(1948) considers that the San Pablo Creek marsh is a “young” marsh, while at 
least some marshes around the southern end of the bay are “old” marshes. He 
mentions the mai-sh at the mouth of Alviso Slough as an example of an “old” 
marsh. 

Size of population is another factor that may be important in these considera¬ 
tions. The marslies at San Pablo Creek are much smaller than those around the 
southern am of the bay. Therefore it can be assumed that the size of their vole 
populations also is quite different. A. H. Miller (1956) and others have stressed 
the importance of small populations in increasing the speed of diversification. 
Thus the much larger population of voles in the southern marshes may not have 
developed racially, while the smaller San Pablo Creek population has. 

However, the most likely explanation seems to be that the environment of the 
marshes around the southern am of the bay does not provide conditions that 
would result in the differentiation of either the morphological or the pdage color 
characters studied here. The most significant differential character of M. c. san- 
pahloensis is its dark color, but conditions in the southern marshes do not appear 
to favor the development of darker pigmentation. Grinnell (1913), in his discus¬ 
sion of the fauna of the bay, points out that the various faunal components de¬ 
velop their darkest pigmentation in the marshes around Suisun Bay, the least 
saline. (The southern am of San Francisco Bay is the most saline.) 

Apart from Microtus califomicus, this tendency is best demonstrated by the 
song sparrows. Melospim mdodia samuelis and M. m. maxillaris are both darker 
than M. m. gouldii. However, M. m. pusVlula from the southern end of the bay, 
although differentiated from the upland populations of M. m. gouldii by its 
smaller size and yellow wash on the breast (Marshall, 1948), is not distinctly 
darker than the upland f om. 
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A similar condition can be observed in B, r, raviventris, George Fisler, who is 
currently studying these harvest mice, has informed me that the mice from Melrose 
Marsh and marshes near Redwood City (San Mateo County) appear somewhat 
lighter dorsally than B, r. raviventris from San Pablo Creek marsh. 

Although the marshes at Point Isabel are now not continuous with those at San 
Pablo Creek, they have been connected within the past seventy years. Destruction 
of the natural habitat has brought about this change. The sample from this lo¬ 
cality, however, shows no similarity to Microtus californicus sanpabloensis. The 
marshes here have always been limited in extent, and recent filling has further 
decreased their size. Hence the population of voles here is probably very small. 
It seems likely that if M, c. sanpabloensis ever ranged this far south it existed in 
such small numbers that, once isolated, it has been swamped out by influxes of 
undifferentiated mice from adjacent areas. 

The relationships of the Martinez population are quite evident. It is inter¬ 
mediate in size and color between Microtus californicus californicus and M. c. 
aestuarinus. Furthermore, the color appears to be more variable than in other 
populations. (This would explain the lack of apparent seasonal color variation, 
since the population variation seems to exceed the seasonal variation.) Several 
characters of the skull also show the intermediacy of this population. 

There are three processes that might result in such an intermediate population. 
One would be the adaptation of the population to various intermediate situations 
along a dine from one ecological extreme to another. In this situation, however, 
no such dine of ecological conditions exists, nor is there any tendency for other 
populations which are intermediate in position to show such a trend. The Walnut 
Creek population, although geographically intermediate between the Berkeley 
Hills and the Martinez populations, is in no way morphologically intermediate. 

The other possible processes are the development of a differentiated form from 
either of the possible parent forms (M, c. californicus or M, c. aestuarinus) under 
the isolation afforded by the marsh, or the development of a differentiated form 
by the secondary contact or intergradation of these two existing subspecies. On the 
basis of size and color the Martinez population lies between the other two races. 
From this it would appear that the Martinez population could have been derived 
from either. However, the mixing of skull types and the greater color variation 
can be explained only in terms of secondary contact. 

The marshes east of Martinez are relatively well isolated from other vole habi¬ 
tats. The unfavorable habitat to the east isolates this marsh from the areas in¬ 
habited by M. c. aestuarinus. However, the periodic occurrence of high tides in 
the bay and spring floods in the river systems provide for frequent flooding of 
areas within the range of M. c. aestuarinus. Such floods probably serve to carry 
voles into the marshes at Martinez. Johnston (1957) mentions seeing Microtus 
sitting on floating wood during periods of inundation of salt marshes. 

The marshes east of Martinez are partially isolated from the habitats of M. c. 
californicus also. The low hills south of the marshes are dry much of the year and 
not heavily covered with grass. Although they may support low densities of 
Microtus at times, only the one or two permanent streams draining mto the marsh 
form small but continuous connections between the habitats of the two races. 
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These conditions of partial isolation would allow small numbers of the parental 
forms to enter the Martinez marsh and by interbreeding establish a population, 
the present form of which would then be the result of selection upon the genetic 
makeup of both parental types. Small but continual influxes of the parental types 
would tend to maintain the greater variation observed in this population. 

Although the Martinez population is sufiBciently distinct to be separable from 
existing subspecies and thus to warrant recognition as a distinct subspecies, I 
prefer at this time to designate it merely as M, c. californicus x aestuarinus. Since, 
as has been shown, it cannot properly be assigned to any extant race, this more 
conservative course takes cognizance of the dichotomy of its origin and implies its 
intermediacy in characters. 

This course is followed because the scope of the present work is too narrow to 
3 deld an understanding of the pattern of variation within this species. Should 
small, relatively isolated populations resulting from the secondary contact of two 
well-marked subspecies be found to occur frequently throughout the range of 
M, calif ornicus, the application of a trinomial to this population would not be 
warranted. However, if further studies of the species demonstrate that such situa¬ 
tions are uncommon, I believe that the use of the trinomial would be justified. 

It might be argued that, since the San Francisco Bay area has provided an un¬ 
usual situation with regard to subspeciation of palustrine vertebrates, the Mar¬ 
tinez population is, ipso facto, unusual. However, such a conclusion must await 
the result of an intensive study of the whole species. 

SUMMARY 

Ten samples of Microtus calif ornicus from salt marshes in Alameda and Contra 
Costa counties and from several adjacent upland and marsh areas were studied. 
An analysis of intrapopulational variations showed that most of the measurements 
taken varied significantly with age. In most of these measurements no significant 
differences between males and females were found, but it is suggested that this 
similarity is probably an anomaly of the age index used. The color of the dorsal 
pelage showed no sex or age difference, but a seasonal variation was found. 

Comparisons of these samples showed that one salt-marsh population is suf¬ 
ficiently distinct to warrant recognition as a new subspecies. Microtus calif ornicus 
sanpabloensis is described from the marshes at the mouth of San Pablo Creek, 
Contra Costa County; a second salt-marsh population, formerly recognized as 
jJf. c. paludicola, was found to be indistinguishable from M. c. calif ornicus. A 
third population from salt marshes east of Martinez is regarded as intermediate 
between two extant subspecies and consequently is referred to as M. c. coHifornicus 
X aestuarinus. 

The distributions of salt-marsh forms of harvest mice, shrews, and song spar¬ 
rows are compared to those of this vole. 

Variation in Microtus calif ornicus is discussed with reference to the distribu¬ 
tion and extent of the salt marshes. Microtus c. sanpabloensis is considered to have 
been derived from M. c. calif ornicus. Evidence is given to support the conclusion 
that the Martinez population, although distinct, has been derived from the 
secondary contact of M. c, calif ormcus and M. c. aestuarinus. 



90 


University of California Publications in Zoology 


TABLE 1 


(Naenimiber of spGcimeiis. Y9o’=6stiniat6 of inosii at age class 9. Sy/a-—standard 
deviation at given age (5).) 


Population 


Total length 

Tail length 

i_ 

Greatest 
length 
of skull 

Zygomatic 

breadth 

Condylo- 

zygomatio 

length 



M. 

c. aestuarinus 



Tracy Lake. 

..N 

20 

2Q 

17 

16 

18 

1?9.0 

187.8 

61.1 

29.35 

16.81 

23.06 


Sv/.- 

10.10 

3.42 

.200 

.519 

.606 

Grizzly Island. 

..N 

32 

32 

32 

24 

32 


181.3 

51.3 

29.53 

16.90 

22.98 


Sy/f 

7.72 

5.12 

.077 

.515 

.416 


M, c. californicm X aestmrimis 


Martinez. 

....N 

^9.0 

Sy/i 

38 

175.1 

1 7.28 

39 

51.0 

3.85 






Af. 

c, californicus 



Walnut Creek. 

.N 

28 

28 

27 

27 

27 


^9.0 

171.3 

50.1 

27.85 

16.10 

22.15 


Sv/i 

6.04 

3.67 

.065 

.335 

.297 

Berkeley Hills.... 

.N 

77 

78 

81 

79 

81 


^9.0 

166.7 

47.6 

27.91 

16.06 

22.06 


Sy/x 

7.46 

3.97 

.073 

.471 

.523 

Pinole. 

.N 

11 

11 

11 

11 

11 


t..o 

168.4 

46.8 

27.85 

16.38 

22.00 


S»/; 

7,66 

3.91 

.159 

.381 

.450 


M, c. ^*paludicola” 


Point Isabel.N 

23 

24 

23 

23 

23 

^^ 9.0 

157,3 

45.2 

27.76 

16.31 

22.01 

Sy/5 

8.13 

3.88 

.080 

.335 

.271 

Bay Farm Island.N 

26 

26 

28 

28 

28 

^^ 9.0 

165.8 

44.5 

27.72 

16.12 

21.79 

Sy/X 

8.11 

4.42 

.058 

.291 

.258 

Hajrward Landing.N 

13 

13 

19 

20 

19 

^ 9.0 

168.0 

45.0 

27.94 

16.08 

22.13 

S»/x 

7.21 

3.46 

.157 

.504 

.573 


M.c 

!. mnpabloenm 



San Pablo Creek.N 

79 

79 

80 

78 

80 

^^ 9.0 

169.6 

49.9 

27.80 

16.15 

22.06 

Sy/5 

8.02 

4.20 

.057 

.376 

.459 
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TABLE 2 

(N* number of specimens. estimate of mean at age class 9. standard 
deviation at given age (5).) 


Population 

Cranial 

height 

Cranial 

breadth 

Length of 
molar row 

Length of 
diastema 

Length of 
rostrum 



M. 

c. aestmrimes 



Tracy Lake. 

.N 

18 

16 

20 

19 

17 


^9.0 

11.30 

11.45 

6.79 

9.03 

6.34 


Su/x 

.197 

.325 

.264 

.273 

.340 

Grizzly Island. 

.N 

32 

28 

32 

32 

32 


^^9.0 

11.37 

11.57 

6.70 

9.29 

6.57 


By/x 

.309 

.341 

.236 

.258 

.311 


M. c. califomiem X aestiiarinus 


Martinez. 

....N 

S./x 


39 

11.22 

.385 

39 

6.42 

.266 

38 

8.76 

.364 

36 

6.16 

.318 



M, 

c. califomicuB 



Walnut Creek. 

.N 

26 

24 

28 

28 

27 


^9.0 

11.02 

11.57 

6.42 

8.29 

5.70 


By/x 

.218 

.389 

.290 

.222 

.211 

Berkeley Hills. 

.N 

81 

81 

81 

81 

81 


^9.0 

10.87 

11.20 

6.32 

8.48 

5.87 


By/x 

.253 

.325 

.239 

,304 

.275 

Pinole. 

.N 

11 

11 

11 

11 

11 


^^9.0 

10.91 

11.49 

6.42 

8.37 

5.82 


Sy/i 

.295 

.272 

.158 

.225 

.219 


M. c. ^^palitdicoW* 


Point Isabel.N 

23 

24 

24 

24 

23 

1^9.0 

11.01 

11.23 

6.41 

8.39 

5.76 

By/x 

.273 

.332 

.169 

.280 

.281 

Bay Farm Island.N 

28 

27 

30 

30 

28 

^9.0 

10.75 

11.31 

6.43 

8.36 

5.93 

S»/i 

.328 

.330 

.205 

.228 

.268 

Hayv^ard Landing.N 

19 

19 

20 

20 

19 

tfj.o 

10.93 

11.33 

6.34 

8.44 

5.80 

S»/; 

.288 

.287 

.204 

.832 j 

.261 


M.c 

!. sanpdbloensis 



San Pablo Creek.N 

m 

80 

83 

i 

82 1 

80 

^9.0 


11.39 

6.43 

8.42 

5.83 

By lx 

in 

.262 

.226 

.261 

.248 
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TABLE 3 

(N—number of specimens. Y*=mean. S=«standard deviation.) 


Population 

Hind-foot length 

Interorbital breadth 

Males 

Females 

Males 

Females 


M. c, aesti 

tarinus 




Tracy Lake.N 

15 

5 

12 

3 

Y 

23.4 

22.4 

3.64 

3.90 

S 

1.06 

.894 

.150 

.100 

Grizzly Island.N 

11 

21 

11 

21 

Y 

24.3 

23.2 

3.68 

3.73 

S 

1.22 

.733 

.160 

.158 


M, c. califomicus X aestuarinua 


Martinez. 

.N 

13 

25 

mn 

24 


Y 

21.6 

21.5 


3.55 


s 

.875 

.644 


.128 


M, c. califomicus 


Walnut Creek. 

.N 

19 

9 

19 

8 


Y 

21.1 

20.8 

3.59 

3.55 


S 

,931 

.833 

.123 

.109 

Berkeley Hills. 

.N 

33 

41 

34 

41 


Y 

21.3 

20.7 

3.60 

3.51 


S 

1.20 

.895 

.135 

.159 

Pinole. 

.N 

7 

4 

7 

4 


Y 

22.6 

21.8 

3.61 

3.45 


S 

.978 

.957 

.149 

.173 


M. c, ^^paludicola** 


Point Isabel.N 

10 

13 

10 

13 

Y 

20.9 

20.2 

3.67 

3.62 

s 

.738 

1.28 

.212 

.121 

Bay Farm Island.N 

16 

12 

16 

13 

Y 

20.3 

19.6 

3.54 

3.48 

S 

1.19 

.483 

.115 

.169 

Hayward Landing.N 

6 

7 

12 

8 

Y 

21.7 

20.9 

3.46 

3.44 

S 

1.48 

.689 

.343 

.151 


M. c. sanpabloensis 


San Pablo Creek.N 

43 

39 

41 

39 

Y 

21.2 

20.4 

3.63 

3.59 

s 

1.21 

.641 

.178 

.130 
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ECOLOGY AND SOCIAL BEHAVIOR OE THE COATI, 
NASUA NARICA, ON BARRO COLORADO 
ISLAND, PANAMA 


BY 

JOHN H. KAUFMANN 

(A contribution from the Museum of Voterbrate Zoology 
of the Univeisity of California) 


INTRODUCTION 

This report summarizes a study of the ecological adaptations, especially behav¬ 
ioral, of the eoati {Nasua narica) in its natural habitat. The Smithsonian Institu¬ 
tion’s field station on Barro Colorado Island, Canal Zone, was the site of the study. 
Although conditions on Barro Colorado cannot be considered primeval, they are 
less affected by man than those in other parts of Latin America where coatis are 
found. Observations on both wild, free-living animals and on captives were made 
from July 1, 1958, to June 29,1960. 

The coatis are the most social and most diurnal members of the American Pro- 
cyonidae. Known by a wide variety of common names from Arizona to Argentina, 
the several species are conspicuous members of the fauna throughout their range. 
^^Coati” is derived from the Tupian “cua” (belt) plus ‘‘tim” (nose), and probably 
refers to the animal’s habit of sleeping with the nose against the belly. '‘Coati- 
mondi” refers specifically to solitary coatis—adult males are solitary; females and 
young live in bands—^but the name is generally misused in English to refer to all 
coatis. The confusion over the status of solitary and social coatis led originally to 
the use of separate scientific names (Nasua solitaria Schinz and Nasua sociahiUs 
Schinz) for old males and for band members described from Brazil (Allen, 1916). 
The confusion persists in the welter of common names, as in the use of “gato solo” 
(lone cat) for referring to all coatis in much of Panama. 

CoATi Literature 

Until now there has been no careful study of the coati, and the English literature 
consists almost entirely of popular and semipopular accounts based more on hear¬ 
say and speculation than on observed facts. Even the best of these (e.g., Chap¬ 
man, 1929) present a few apparently accurate but fragmentary observations plus 
an abundance of speculation. Since the facts cannot readily be separated from 
fancy unless one is very familiar with coatis, such accounts are of limited value. 
More careful accounts based on closer personal contact with the ani m a l s over a 
long period of time are available in the Latin American literature (Alvarez del 
Toro, 1952; Cabrera and Yepes, 1940; Gaumer, 1917; Azara, 1838). In addition 
to his own observations, Leopold (1959) made wise use of Spanish language sources 
in producing one of the most reliable accounts of coati biology in the English lan¬ 
guage. However, the best of the accounts available are only a few pages long, and 
they present limited information on the general life history of the coati. 

[95] 
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The information presented in this paper applies strictly to the coatis I observed 
on Barro Colorado, and generalizations about coatis elsewhere should be made with 
extreme caution. Specific details of social organization, activity patterns, food 
habits, and interspecific relations may vary widely in different areas. 

Morphology and Taxonomy 

A slender tail as long as the body, often carried erect, and a mobile snout that ex¬ 
tends well beyond the end of the lower jaw arc the coati^s most conspicuous fea¬ 
tures (pi. 1). The standard measurements of adult males of Nasua narica from 
several collections made throughout Central America range as follows: total length, 
1,067-1,265 mm; tail, 475-635 mm; hind foot, 98-118 mm; ear, 38-44 mm. The 
few reliable weights that are available indicate a range from about 4 to 6 kilo¬ 
grams or more. A typical adult male from Barro Colorado weighed just 12 pounds 
(5.5 kg) and had a total length between 1,100 and 1,150 mm. Adult males especially 
tend to put on fat temporarily when food is abundant, and higher weights are 
probable. 

Females are smaller than males, and the several collections showed the following 
range of standard measurements: total length, 980-1,194 mm; tail, 470-598 mm; 
hind foot, 83-116 mm; ear, 25-44 mm. A typical adult female on Barro Colorado 
had a total length of 1,046 mm, a tail length of 529 mm, and varied in weight from 
8% pounds (4 kg) when sick and thin to 12 pounds (5.5 kg) after several weeks 
in captivity. Her normal weight was about 10 or 11 pounds (5 kg). 

The genus Nasua includes several species in North, Central, and South America. 
Nasua narica ranges from southern Arizona south through Panama; and Nasua 
nelsoni, which might be considered a subspecies of Nasua narica, is found only on 
Cozumel Island, Quintana Boo, Mexico. The South American coatis are badly in 
need of a proper taxonomic revision, which would probably reduce many of the 
described species to subspecific status. Similarly the many described subspecies of 
Nasua narica can profitably be reduced to the three recorded by Hall and Kelson 
(1959). 

Writing of the great variation in color and cranial characters on which the sub¬ 
species are based, Burt and Hooper (1941) state, “Most of the variation apparently 
is attributable to differences in age, sex, and individuals.” They also found that 
“the general color becomes progressively darker on the average from north to 
south.” Hershkovitz (1951), working with material classified in the subspecies 
Nasua narica isthmica Goldman, richmondi Goldman, panamensis Allen, and bul- 
lata AUen, noted: 

Among coatis the great amount of polychromatism independent of sex obscures the geographic 
cline in color and has led to a multiplication in the number of named forms... Further compU- 
cating the study of geographical variation in color axe instances of partial or complete erythism 
and melanism, not as fixed individual characters but as transitory pelage phases. Adequate series 
demonstrate the absolute unreliability of cranial characters for disting^shing any of the des¬ 
cribed forms from the others. 

Allen (1906) also commented on the immense range of color in a single series, with 
the extremes connected by a full set of intermediates. 

Coatis on Barro Colorado also show much color variation. Detailed observations 
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of over fifty individuals for periods of up to two years each, plus casual records 
of many more coatis, show conclusively that color differences may be independent 
of age and sex, and that the same individual may change color from molt to molt. 
The most common coat color on Barro Colorado is chocolate brown, with an 
abundance of light-tipped hairs forming the pale wash over the shoulders. The 
shoulders are yellowish, and the facial markings are whitish. None of the Barro 
Colorado coatis observed is as pale as those I have seen in Arizona, but there is a 
complete color gradation from almost black to pale sandy brown, and some indi¬ 
viduals arc bright reddish brown. Color changes in the same individual, as from 
slaty gray-brown to “normal’^ brown, were observed repeatedly. Two yoxmg males 
molted from bright reddish to chocolate brown except for their tails, which were 
still red when the animals were last seen several months later. 

During the reproductive season both males and females tend to fade to a pale 
reddish, particularly on the shoulders and rump. Darling (1937) reported a 
similar paleness in the coat of lactating red deer. In coatis this seems to be due 
more to the loss of the darker hair tips, exposing the lighter underfur, than to 
replacement or fading of the dark hair. During this period the fur becomes quite 
sparse and mangy-looking; females with young can easily be recognized by the 
color and condition of their coats for several months after the young are bom. 
Perhaps the added physiological demands of the breeding season are responsible 
for the degeneration of pelage. This degeneration was observed consistently in 
both wild breeding females and in captive breeding females receiving the same 
diet they had been eating all year, indicating that a seasonal change in diet was 
not responsible. Nonbreeding adult females, both captive and in the wild, failed 
to show a change in coat. 

Attempts to trace the pattern of molts in coatis of various ages by bleaching the 
fur were unsuccessful, for each bleached patch faded gradually over a period of 
several months. However, occasional rapid molts, apparently completed in a few 
weeks, were observed at various seasons. Three solitary males, one of them recently 
having become adult, apparently underwent a complete molt between late June 
and mid-July, 1959. Gaumer (1917) stated that the pelts of coatis in Yucatan are 
at their best from September to January and that they tend to become duller and 
thinner during the first part of the year. This agrees with my observations on 
Barro Colorado. Whatever the pattern of molts—^and this subject certainly de¬ 
serves more careful study—^individual a n imals are known to have changed color 
one or more times, and these changes cotild not be consistently correlated with 
season, sex, or age. 


Description op Barro Colorado Island 

Location and topography .—^Until the construction of the Panama Canal, Barro 
Colorado was a bil l along the lower Chagres River approximately in the center of 
the isthmus. When the river was dammed to form Gatun Lake, the rising waters 
isolated Barro Colorado as the lake's largest island. Rising 452 feet above the lake 
surface and 537 feet above sea level, the irregularly shaped island has an indented 
shoreline over 25 miles long (40 km), a maximum diameter of over 3 miles (5.5 
km), and an area of 6 square miles (3,884 acres or 15.7 km*). The eastern half of 
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Pig. 1. Bainfall, Barro Colorado Island. Monthly averages and extremes, 1926-1960. 


the island rises sharply from the lake, with a complex pattern of ridges and ravines 
up to 100 feet deep. From its highest point the island slopes back more gently and 
evenly to the western shore, which is separated from the mainland by a shallow 
channel 600 yards wide. The detailed geology of Barro Colorado was presented 
by Woodring (1958). 

Climate ,—^Located at 9'^10' north latitude and 79°51' west longitude, the island 
is a tropical rain forest locality with some monsoon forest characteristics. The 
climate was discussed at length by Alice (1926o) and Kenoyer (1929). Since then 
more information on the rainfall, temperature, and relative humidity has been 
collected on the island. The usually well-marked wet and dry seasons are shown 
clearly by the average monthly rainfall totals recorded on the island since 1925 
(fig. 1). Figure 2 shows the variability of the annual rainfall totals, expressed as 
departure from the 35-year average of 107.4 inches. Unusually dry periods of 
about two years are separated by wetter periods lasting about four. 

Hygrothermograph stations were established in the forest at three different 
elevations (approximately 100, 300, and 500 ft) by Dr. Charles Bennett of the 
Department of Geography, University of California, Los Angeles, in August, 1958; 
more or less continuous records were obtained until December, 1959. The instru- 
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Fig. 2. Bainfall, Barro Colorado Island. Animal departures from the 35 year aTerage 

of 107.4 inches. 

ments were suspended at three different levels at each station. My brief scanning 
of the records obtained near ground level yielded the following generalizations: 

Relative Humidity 


Dry Season. 60-90 per cent, with extremes of 40-100 per cent. 

Wet Season. 95-100 per cent, with extremes of 70-100 per cent. 

Temperature 

Dry Season.. 75-85®F, with extremes of 70-90®F. 

Wet Season. 75-85®F, with extremes of 70-90"^. 


The highest temperatures and lowest relative humidities were usually recorded 
around 1200, and the highest relative humidities from about 0600 to 0800. The 
temperature fluctuated slightly less during the wet season than during the dry 
season, and the major temperature differences were between night and day rather 
than between seasons. Dr. Bermett is analyzing these records in detail and plans 
to publish them later. Meanwhile, he has kindly permitted me to summarize his 
data in this crude fashion. 
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Mora. —Standley (1933) listed 1,259 species of plants from Barro Colorado, of 
which all but 190 are spermatophytes. The island is completely forested except 
for a few acres of clearing around the laboratory, but the canopy is broken by the 
frequent fall of large trees and by the less frequent but far more drastic mud 
slips. When a large tree falls, it usually takes with it other trees and a tangle of 
vines, leaving a gap in the canopy and a jumble of tree trunks, branches, and 
vines on the ground (pi. 3). These areas will be referred to as “blowdowns,” though 
they may be caused by a variety of factors other than wind. After four days of 
steady rain in December, 1959, several hillside areas of up to an acre each were 
denuded by mud slips; these were the most severe slips known to have occurred 
on the island since the lake was formed. 

Zenoyer (1929) described the forest on the western half of the island as mature, 
the rest being in various stages of succession, but thirty years have had an appre¬ 
ciable effect on the less mature areas. Now the dense, sometimes impenetrable sec¬ 
ond growth which corresponds to the popular conception of “jungle” is found only 
at the edges of clearings and blowdowns and on the lake shore. Except for blow¬ 
downs and large patches of pihuela {Ananas magdcHanae) ^ the forest is relatively 
clear of undergrowth, and I had no difiSculty in following wild coatis without the 
aid of a machete (pi. 2). 

Fauna. —The list of animal species known to occur on Barro Colorado continues 
to grow, but little is known about the biology of most of them. A very few careful 
studies have been made (Schneirla, 1933, on army ants; Van Tyne, 1929, on tou¬ 
cans; Carpenter, 1934, on howler monkeys), but these are rare exceptions among 
an endless array of surveys and casual observations. General information on the 
ecological distribution of animals on Barro Colorado was presented by AUee 
(1926b), and Allee and Torvik (1927). A collection of samples of the litter fauna 
was described by Williams (1941). 

Not even a good taxonomic list is available for all groups among the verte¬ 
brates; reliable, detailed life history, behavioral, and ecological data are almost 
nonexistent. The 22 species of fish known from the island were listed by Breder 
(1944), and Dunn (1931) listed 33 species of amphibians. There is no published 
list of the reptiles, but over 60 species have been recorded. Eisenmann (1952) 
listed 306 species of birds, and the list is still growing. Over 70 species of mammals 
have been listed for the island so far, and life history notes on many of them were 
given by Enders (1935). 


TECHNIQUES 

Direct observation of free-li\dng wild animals provided almost all that was learned 
about coatis in this study; five bands that were each followed closely for periods 
of up to nine months provided most of the data. Intensive observations of bands 
and solitary males were made, totaling 1,370 hours. This does not include many 
uneventful hours spent watching roost trees after the coatis settled down at night 
or before they descended in the morning. In addition, over 450 brief observations 
were made throughout the island. 

Nineteen coatis representing all sex and age groups were kept in captivity for 
varying periods of time, some for as long as twenty-three months (pi. 4). In addi- 
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tion, two litters were bom in captivity. Live-traps were used both to secure captives 
and to catch selected individuals for marking with bleach for field identification. 
Eegular commercial hair bleach (Roux) with booster powder added was scrubbed 
into the fur with a tooth brush to produce a conspicuous pale yellow patch that 
lasted for several months (pi. 4). 

Following Bands 

The technique of following selected wild bands of coatis was preceded by observa¬ 
tions from blinds set up at food stations. Bananas and bread were placed near a 
blind in the forest on July 19,1958, and intensive observations were begun after 
a band was first seen there on August 3. From the first day, these coatis (Band 1) 
were well aware of my presence and frequently investigated the blind, coming to 
within two feet of the front and four feet of the open back. Four days later one 
came inside the blind and took food from my hand; three days after that I moved 
outside to feed them. They became increasingly tolerant of my presence, feeding 
from my hand but not permitting me to touch them. Two weeks later I began try¬ 
ing to follow them away from the food station. The distance and time increased 
with each trial, and by September 13 I was able to follow them all day. 

On August 211 set up a food station and blind in another area, and soon had 
another band (Band 2) feeding there. But after twenty-five days they were still 
too wary of my presence to be followed, and I gave up. Another band (Band 3) 
had been seen several times in the vicinity of a large natural fruit crop {Spondias 
mombvn)j and on September 24 a female and her two young came up to me and 
accepted food. No blind or artificial food station was ever used with this band, but 
by October 5 I was able to follow them easily. Bands 1 and 3 were watched alter¬ 
nately for the remainder of the first year of the study, when contact was lost with 
the survivors of both. 

Several food stations were established in other areas in September, 1959, and 
contact was made with two more bands. These were watched originally from blinds, 
but within two weeks of the initial contacts both bands could be followed at will. 
Band 4 was followed intact for the remainder of the study; Band 5 was small to 
begin with, soon dwindled even more, and I stopped observing it in January, 1960. 

A very small band consisting of two adult females and two juveniles (Band 6) 
was seen frequently near the laboratory clearing during the second year of the 
study. It was live-trapped intact in December, 1959, and kept in captivity. Both 
of the litters born in captivity came from these two females. 

After an interval of several days, a band could be picked up again at the food 
station, at a currently favored fruit tree, or by systematic searching of the home 
range. This last method was used exclusively for Band 3 and depended to a large 
extent on conditioning the coatis to come for food, or at least not to run off, when 
I called to them. They often recognized my call, apparently before they had 
identified me by sight or smell, and immediately ran toward me. This positive re¬ 
sponse to my calls was also very helpful in maintaining contact with the bands in 
their daily rambles through the forest. The relative tameness of the individual 
coatis varied greatly; some could eventually be handled to a limited degree, while 
others were always wary and never came closer than a few yards. This technique 
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never worked well with adult males, and most of the data on them were collected 
from briefer individual observations, from blinds, and from extended observations 
while they were with the bands. 


ADVANTAGES 

The advantages of such a close relationship between the observer and the animals 
being studied are obvious; many details of the life history and social behavior 
could be obtained in no other way. Home ranges can be mapped directly, and re¬ 
liable information gained on the details of daily movements and differential use 
of the range. Continuous records provide quantitative data on activity patterns 
and on the use of specific places for sleeping and rearing the young. Direct obser¬ 
vation reveals details about food habits that cannot be gained from stomach con¬ 
tent and scat analysis. Many interspecific relations can be observed, and the intra¬ 
specific social relations can be studied in detail in the animals’ natural environ¬ 
ment. Dissection of specimens can tell us much about what an animal is capable 
of doing at any given time, but just what it actually does, and how, can be learned 
only from observations in the natural habitat. Simultaneous observations of cap¬ 
tive and vrild coatis brought home time and time again the fallacies and distortions 
that may arise from a study of animal behavior based entirely on captives in an 
artificial environment. 


LIMITATIONS 

Although most of the information gained by this technique can be obtained in no 
other way, a constant watch must be kept for distortions in the normal pattern 
caused by the observer’s presence. All of the observations must be carefully inter¬ 
preted, and full use must be made of all opportunities to check their validity by 
comparing the results obtained under different conditions. Furthermore, almost 
constant contact must be maintained with each band if one is to be present when 
important developments occur—developments that may come only once in a year. 
Particularly in a study such as this one, where conditions cannot be controlled and 
may vary tremendously from place to place and time to time, there is a great dan¬ 
ger of attaching too much importance to any set of figures. Numbers in such a 
situation should not be regarded as defining with magical precision and accuracy 
the functioning of living organisms. An impressive set of figures can precisely 
represent a false situation as well as a true one, and I have discarded some inter¬ 
esting counts because I knew that the information they conveyed about certain be¬ 
havior patterns was distorted. ‘‘Objective” data on behavior must necessarily be 
based on very subjective knowledge and decisions, and I have not hesitated to use 
admittedly inconclusive subjective data where I felt they were the most accurate. 

Such words as “often,” “frequently,” “probably,” and “apparently” find con¬ 
stant use throughout this report. Coatis are not machines; they are living organ¬ 
isms in a complex environment, and their activities are marked by infinite variety. 
Furthermore, no one has yet found a way to enter the mind of another individual 
and to know what actually goes on there. We can only describe that individual’s 
actions and what seem to be relevant environmental conditions as best we can, with 
full knowledge that our estimate of what is relevant may miss the mark completely. 
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Terms and Code Names 

The following age classification is used in this report: 

1) Juveniles or young: animals not yet fully grown (full growth is reached at 
approximately the 15th month). 

2) Subadults: animals fully grown but not sexually mature. Males are arbi¬ 
trarily called subadult until their testes descend at about the 24th to 25th montL 
Females may or may not breed during their seeond year, and are arbitrarily called 
subadult until January 1 of their second year (about their 20th month). 

3) Adults: males whose testes have descended (males normally become solitary 
at this time); females after January 1 of their seeond year (the approximate be¬ 
ginning of the breeding season). 

“Breeding season” refers to the six months from the onset of mating until the 
new young are about two months old, when their care no longer requires major 
modifications of the band’s daily routine. The dry season coincides approximately 
with the first few months of the breeding season. 

The code names of the coatis I could identify individually are based on the 
following system: 

1) The bands I watched closely are numbered 1 to 6 in the order in which I first 
made contact 

2) Members of bands arc designated by M or F (for male and female), plus a 
number. The first digit indicates the band, the second the individual animal. Capi¬ 
tal M or F indicates that the animal is adult or subadult; small m or f is used for 
juveniles. 

Examples: f45 = juvenile female 5 in Band 4. (At the end of her first year a 
capital F replaces the small f.) M13 = yearling male 3 in Band 1. 

3) Solitary males (females) are designated MS (FS), plus a small letter for each 
individual. Example: MSc = solitary adult male c. 

4) All captive animals have a capital C before their regular designation during 
their period of captivity. Captives whose origin was uncertain are simply desig¬ 
nated CM, Cm, CF, or Cf, plus a small letter for each mdividual of each sex. 

Examples: CMSb = solitary adult male b, while in captivity. CP61 = adult fe¬ 
male 1 of Band 6, while in captivity. Cmd = captive juvenile male d. 

DAILY ACTIVITY PATTEENS AND INDIVIDUAL BEHAVIOR 

Diurnal Pattern 

The coatis on Barro Colorado are strongly diurnal. The bands are active during 
most or aU of the daylight hours, and retire at night to roost trees within their 
home ranges. Solitary males tend to follow the same routine, but they are fre¬ 
quently seen abroad during the night. In my two years on Barro Colorado no 
females or young were seen active at night outside of the mating period, with the 
exception of one injured female that left her band and came into the clearing for 
food. I was able to keep continuous contact with the semitamed bands for several 
consecutive days by following them to their roost tree in the evening and meeting 
tbeTD there on their descent the next morning. The bands generally descend from a 
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roost tree in the half-hour preceding sunrise and ascend a roost tree within the 
hour following sunset (fig. 3). 

The ofScial sunrise and sunset times used in figure 3 are those for the Canal 
Zone town of Cristobal, fifteen miles northwest of Barro Colorado; the correspond¬ 
ing times for Barro Colorado are less than one minute earlier. The light on the 




Ime is the sunset earre; no data are available for the months to the right of the arrow. Hating 
activity occurred from January to April; the early ascent times in May were correlated with the 
presence of new young. 

forest floor was just strong enough for me to foUow the coatis without a flashlight 
in the half-hour before sunrise and the half-hour after sunset. But details of local 
weather, exposure, and topography affect the actual light intensity perceived by 
the coatis at these times. 

Ascent and descent are of course not equivalent to going to sleep and waking 
up. Because of the poor light and the usually dense crowns of the roost trees, it 
was frequently impossible to teU these latter times exactly, especially in the eve¬ 
ning. Sometimes, if the ascent is late, the coatis settle down immediately; but if 
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the ascent is early, a period of mixed rest, self and mutual grooming, and climbing 
around to new positions may last until dark or after. Ascent is occasionally as much 
as an hour or two before the usual time for retiring. 

In the morning before descent there is usually a period of self grooming, urinat¬ 
ing, and defecating which lasts about ten or fifteen minutes, but the descent is 
much more regular with respect to the sun than is the ascent. On several occasions 
the descent was delayed, apparently because the coatis were alarmed by my pres¬ 
ence. They remained in the tree watching me, and on three occasions descended 
by a route which brought them to the ground thirty to fifty feet from where I was 
waiting at their usual point of descent. One unfamiliar solitary male lay watching 
me from a branch at the top of the descent route for thirty minutes until I left. 

Occasionally ascent of the roost tree in the evening is delayed while the coatis 
take advantage of a particular food source. For example, on November 29, 1958, 
Band 3 climbed a large fig tree to feed at 1815. Sunset was at 1757, and I would 
have expected them to retire at about 1830. The band remained in the tree feeding 
until 1835. Two juveniles that did not ascend with the band settled down at 1830 
between the buttresses of a nearby tree as if to sleep. The only adult female that 
was with the band grunted softly when she reached the ground, and the two juve¬ 
niles joined the rest of the band under the fig tree. The whole band then moved 
off to a roost tree three hundred meters distant, ascending at 1900. Other delays 
of this type were also observed, including some due to artificial feeding of the 
coatis around the laboratory clearing until after dark. 

Major deviations from the nonbreeding activity cycle are apparent during the 
mating period, the period of late pregnancy, and during the first month after the 
young are born. Some of these deviations are simply changes in the times of ascent 
or descent associated with such activities as nest building, but others, such as the 
relatively early waking tines during the mating period, are harder to explain. In 
the mating period the coatis tend to go into the roost trees earlier with respect to 
sunset, and to descend earlier in the morning. This period is also characterized by 
increased nocturnal activity among both band members and adult males, and by 
more resting during the day. Females in the last week to ten days of pregnancy 
often ascend their roost trees over an hour early to work on nests. After the young 
are born and on the ground, the whole band goes into the roost trees early, but 
descends shortly before sunrise. 


Roost Trees 

Of the 130 coati sleeping places I observed, all but 8 were in trees. Band 3 ac¬ 
counted for all 8 exceptions, which represent 25 per cent of the sleeping places 
observed for that band. Seven nights were spent on the ground between the but¬ 
tresses of large trees (4 different locations), and one was spent on an exposed 
slanting log 4 feet above the ground. 

The trees chosen for roosts are usually medium to large, with fairly dense crowns 
and with good access routes via lianas and/or saplings. The same route is commonly 
used each time the coatis ascend or descend, and may be quite complicated. Of the 
50 different locations where coatis slept, 30 (60 per cent) were on ridges or on the 
edges of large ravines, 13 (26 per cent) were on hillsides weU up from the bottom. 
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3 (6 per cent) were near the bottom of hillsides or ravines, and 4(8 per cent) were 
on fairly level ground. 

The coatis usually sleep well up in the crown of the roost tree. They may stretch 
out on a large limb or curl up in a crotch, and they frequently take advantage of 
natural platforms formed by dense tangles of limbs and vines. The whole band 
usually sleeps in a fairly restricted area of the crown. Captive coatis of mixed 
sexes and ages slept curled up together, often on top of each other, inside or on 
top of a large packing crate. 

During the breeding season, tree nests are often built by bands and by adult 
males, both for sleeping and for resting during the day. However, their primary 
use is for holding the new young for the first few weeks after they are born. 

The locations of the known roost trees for Bands 1, 3, and 4 are shown on the 
home range maps (page 169), and their chronological use is summaiized in table 
1. Many of those trees I saw occupied only once, and there were undoubtedly many 
others that I never saw. None of the trees was used for many nights in succession, 
but some (2 and 3 for Band 1; 4 for Band 3; and 2 for Band 4) were frequented 
repeatedly over a period of months. Sometimes favored trees wore abandoned for 
others only a few meters away. Roost 2 for Band 1 (near the laboratory clearing) 
was also used by numerous other coatis, including both other bands and solitary 
males, often on the same nights. Some roosts were occupied frequently while a 
good fruit crop was nearby, but otherwise were seldom used (6 and 8 for Band 4). 
Roost 2 was used especially often by Band 4 while an adjacent Chrysophyllum 
panamense tree was in fruit (January 28 to February 3), and the band went di¬ 
rectly into the fruit tree to feed before descending in the mornings. 

Daytime Rest 

The coatis spend almost all of the twelve daylight hours wandering about searching 
for food, but they stop occasionally for brief periods of self and mutual grooming, 
and may extend these pauses to include a rest period. Simple grooming sessions 
may last only a few minutes, but up to two hours or more may be spent dozing on 
the ground (rarely), on fallen tree trunks, or up in vines or branches of standing 
trees (pi. 5). The rest periods usually start and end with grooming, or a band may 
spend up to an hour in a session of mutual grooming, self grooming, “play” by the 
juveniles and subadults, su nni ng, and dozing—all going on simultaneously and 
altematdy among the various members. Sleeping positions in the day are gimilxT 
to those used at night: the coatis curl up on the ground or on sufficiently broad logs 
or limbs, or stretch out, often with the chin resting on the front paws. "When curled 
up, they often wrap their tails around in front of their faces, and young Animfllg 
especially may put their front paws over their noses. Frequently several flTn'Tngig 
win deep partly on top of each other. Rest periods may occur during any of the 
daylight hours, but are more common in the late morning and early afternoon 
(fig. 4). Except when new young are present, the bands show the same general 
pattern of rest periods throughout the year, although the total time spent resting 
varies considerably between the wet and dry seasons (fig. 5). The rest periods 
observed during the four and one-half days just after Band 4’s new young became 
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TABLE 1 

Chronological use of Roost Trees by Bands 1, 3, and 4 
(Numbers of roost trees refer to those on the home range maps, figs. 11, 12, 13; 
the roost trees for each band are numbered separately.) 



Sept. 9. 1 Sept. 17. ? 

Sept. 13.1, 3» Sept. 18. ? 

Sept. 15.2 Sept. 19. ? 

Sept. 16. 3 Sept. 22. ? 

Sept. 17.3» Oct. 5. 1 

Sept. 18. 3 Oct. 23. 2<* 

Sept. 19. 2“ Oct. 24.2*^ 


Sept. 24.4 Nov. 1. 3' 

Sept. 26. 3 Nov. 5.2* 

Oct. 21. 5 Nov. 6.4' 

Oct. 26. 2» Nov. 10 8 


Nov. 21. 6 Nov. 14. 

Dec. 3. 7 Nov. 15 


Nov. 20.7 

Nov. 24. 5 

Nov. 29.7 

Dec. 4. 8* 

Dec. 18 . 9» 

Dec. 29,..,..10 


Nov. 4. 1 

Nov. 5. 1 

Nov. 16. 2 

Dec. 2. 3 


2c 

2^ c 


1960 


3 

2*^*0 

Jan. 

4. 

... 4« 

3*^ 

Jan. 

5. 

... 5* 

2*^'® 

Jan. 

6. 

... 6« 

4® 

Jan. 

8. 

7a B 

8 

Jan. 

9. 

.!! 6« 

1 

Jan. 

10. 

... 6 

6" 

Jan. 

13. 

... 6* 

7 

Jan. 

14. 

.... 6 


Mar. 

6 . 

9 

Jan. 

3. 

. 11 

JL' C7U. 

Feb. 

3... 

. 2 

Mar. 

30. 

. 2 

Jan. 

17 . 

. 12<* 

Feb. 

24... 

.11 

Mar. 

31 . 

. 7 

Jan, 

19. 

.13® 

Feb. 

25... 

. 7 

Apr. 

6. 

. 3 

Jan. 

27. 

.14® 

Mar. 

19... 

.12 

Apr. 

7. 

. 2 

Jan. 

30 . 

. 14“-' 

Mar. 

22... 

. 8 

Apr. 

15 . 

. 8 

Mar. 

9 . 

. 1 

Mar. 

30... 

. 2^ 

Apr. 

16 . 

. 9 

Mar. 

14 . 

. 3 

Mar. 

31... 

. 7*^ 

Apr. 

25 . 

. 3» 

Mar. 

15 . 

. 15^ 

Apr. 

1... 

. 13^ 

May 

18 . 

. 10b 

Mar. 

25 . 

. 3 

Apr. 

2... 

. 13* 

Aug. 

8 . 

.11 

Mar. 

26. 

.16 

Apr. 

3... 

.13* 




Mar. 

27. 

. 3 

Apr. 

4... 

.14^ 




Apr. 

3. 

.3 

Apr. 

5... 

.13* 




Apr. 

4. 

.8 

Apr. 

6... 

.15* 







Apr. 

7... 

.14* 







Apr. 

8... 

. 14^ 







Apr. 

9... 

. W 







Apr. 

May 

10 

19 •• 

....14i,16>‘,17' 







May 

20... 

. 4 







May 

22... 

.18 







May 

23... 

. 2 







May 

24... 

.19,20^ 


» Part of band only, 
b M13 only. 

«Slept on ground between butresses. 
^ M31 only. 


«Slept in tree (on ground here January 30). ^ F41 and her new litter. 


« Adult male slept in same tree with band, during mating period. 
MSf only (in tree near band). 

* F42 on^, in late pregnancy. 
i F42 and her new litter. 


f Slept on log f 


feet above ground. 


1F43 and her new litter. 
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active on tlie ground were fairly evenly spread over all of the daylight hours 
(fig. 9). 

The following discussion of seasonal variation in daytime resting habits is based 
on table 2. In the wet season rest periods are short and infrequent. The coatis 
rested during only 1 per cent of the 3,838 coati-hours of wet season observations. 
More frequent and longer rest periods in the dry season accounted for 14 per cent 
of the coati-hours during which bands and adult males were observed. Increased 
rest in the dry season is presumably made possible by the availability of large 
fruit crops, which eliminate the necessity for continuous searching for small litter 
animals. 



Hour of day 

Fig. 4. Hourly distribution of daytime rest periods. All obser¬ 
vations are included except those for Band 4 after April 9, 1960, 
when the young were bom (see fig. 9). Adjustment has been 
made for differences in amount of observation in each hourly 
period. Coati-hours equals the hours of each observation times the 
number of coatis present. 

The mating period of the Barro Colorado coatis occupies approximately one 
month early in the dry season. Changes in band activity during the mating period 
(frequent presence of adult males and increased nocturnal activity and intra¬ 
specific strife) did not greatly affect the pattern of daytime rest. Bands 1 and 4 
both had mating periods during which they were joined by an adult male, but Band 
I’s male was less often present and none of the females bore young. Both bands 
rested the same proportion of the time in the mating period whether the adult 
male was present or not, and Band 1 rested as much during the Tnaiing period as it 
did during the remainder of the dry season. Band 4, however, rested twice as much 
after the mating period as they did during it. Two facts may account for this ap¬ 
parent increase: the mutual grooming sessions (which are much more frequent 
during the mating period) are not included in the totals for rest, though they also 
function as such; and all four adult females were pregnant. The resting percentage 
for F42 during her last eight days of pregnancy (after the band had dispersed) is 
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about the same as that for the whole band during February and March. She also 
spent about 10 per cent of her daylight hours building nests. 

Band 3, with only one adult female, was not joined by an adult male and ex¬ 
hibited no change in activity in the dry season. 

Locomotion 

Coatis spend most of their active hours on the ground, but their excellent climbing 
ability is well known. Some writers have even gone so far as to say that coatis are 
chiefly or largely arboreal (Elliot, 1904; Goldman, 1920). The ones I watched on 

DRY SEASON WET SEASON 

2400 




■i Arboreal feeding ^ Daytime rest 

1—1 Terrestrial feeding and traveling C3 Night sleep 

j\p<r\ Approximate times of ascent and descent 

Fig. 5. Sunmiary of 24-liour cycles of activity of coatis in Bands 1, 3, 4, and 5. The area 
covered by each pattern represents the percentage of time spent on that activity, ^^ight sleep” 
includes nocturnal activity in the mating period. The dry season records for Band 4 are not 
included after April 9, 1960, when the young were bom. 


Barro Colorado were in trees only 3.5 per cent of their total active time, i.e., feed¬ 
ing time, and about 90 per cent of this arboreal feeding occurred in the dry season. 
Since coatis are more conspicuous in trees, especially around the clearing in the 
dry season, the 3.5 per cent figure may be slightly higher than it should be. How¬ 
ever, their preference for trees as daytime resting places, as night roosts, and as 
birthplaces and nurseries for the young results in these coatis spending over half 
their lives in trees. 

Walking and running ,—On the ground and on horizontal tree trunks and 
branches, coatis walk with the same pattern of limb movements employed by most 
of the Carnivora. The four legs are moved siagly in a diagonal pattern: left fore¬ 
foot, right hindfoot, right forefoot, left hmdfoot, etc. At slow speeds, the body is 
always supported by three legs. With further acceleration the coati shifts almost 
immediately to a rockiug gallop, with both forefeet movmg simultaneously, fol¬ 
lowed by both hind feet. As the hind feet come forward, the back is strongly arched. 
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TABLE 2 

Percentage op Daylight Hours Spent Resting in Wet and Dry Seasons 


Band 


Period 


Adult 

male 


Total 

coati-hours 


Coati-hours 

resting 


Per cent 


wet season 


1, 3, 4, 5 


3,838 


44 


DRY season 


1. 4 

1, 3, 4 

Mating period. 


m 

B 

12 

15 

14 

Outside of mating period .. 


Total or average. 


3,160 

432 



1 

Mating period®. 

Present 


25 

17 



Absent 


24 

17 


Total or average. 


289 

49 

17 


Outside of mating period... 


562 

101 

18 

4 

Mating period^. 

Present 

mM 


11 



Absent 

HI 

■■ 

11 


Total or average. 


1,379 

152 

11 


Outside of mating period... 


380 

87 

23 


(Late pregnancy) . 


(joe) 

w 

(n) 

3 

Dry season*^ (no 






mating period). 


650 

43 

8 


» Band 1 mating period from February 25 to Maroh 15,1959. 
b Band 4 mating period from January 4 to February 4, 1960. 

® F42 obsewd from April 2 to April 9, 1960. The figures are included in those for Band 4 as a whole, 
a Band 3 observed from January 1 to April 11,1959. 

An adult male in fnll gallop was clocked on an automobile speedometer at 17 miles 
per hour by Mr. Phillip Welles, Superintendent of the Coronado National Monu¬ 
ment (personal communication, 1960). Goodwin (1934) noted that eoatis driven 
by hounds often run for as much as three hours before taking to trees. 

Climbing ,—The basic patterns of either walking or galloping are used in climb¬ 
ing, depending on the character of the stem being climbed. The coati’s feet are 
plantigrade and armed with strong claws on each of the five toes. The claws on the 
hind feet are sharper and more strongly curved than those on the front feet, and 
are more important in climbing, particularly in vertical descents. 

When ascending vertical vines or trunks up to about two inches in diameter, 
eoatis “walk’’ up with the alternate, diagonal pattern of leg movement. The stem 
is grasped “hand-over-hand” between the forepaws, while the hind feet are placed 
more nearly on the front of the stem. Coatis “gallop” up vertical stems with diame¬ 
ters of about three inches or more with the front legs spread in a grasping manner 
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and the hind feet flat on the stem. When the stem is between two and three inches 
in diameter, or is at an angle less than vertical, coatis use a mixture of the two 
modes, tending to “walk” whenever possible, especially where projections can be 
grasped by the front paws. 

The same general rules apply to the descent, which is almost always head first. 
(On several occasions I saw coatis slide down backwards when they were only two 
to four feet from the ground.) The hind feet grasp the stem and are turned back 
and up, as in tree squirrels, to get the maximum support from the hind claws (fig. 
6). On small stems the front feet alternately grasp and are then placed fiat, whereas 
large trunks are grasped by both the fore and hind feet with the legs spread wide 
in a tight clasp. Large trees are descended with great care, and a change is made 
to smaller saplings or vines whenever possible. In fact, large trees are never de¬ 
scended directly if vines or saplings can be used, or a crossing can be made to an 
adjacent tree with a thinner trunk. 

Coatis frequently hang upside down, suspended by all four feet, to feed along 
the underside of horizontal branches, vines, and small suspended logs. They also 
“walk” suspended below lianas, especially where the footing is insecure or when 
they lose their balance. 

The principal function of the long tail is to provide balance when the coatis are 
traveling on lianas or branches, and it is swung from side to side as the animals 
make horizontal crossings. Ingles (1957) stated that the tail is “almost prehensile” 
when a coati descends lianas, branches, or small trunks at a steep angle, and is 
curved around the stem and pressed tightly against it, acting as a brake. In two 
years I saw this perhaps twice—^almost invariably the tail trailed out behind with¬ 
out touching the stem (fig. 6). Chapman (1938) used bananas to induce an adult 
male to walk both tight and slack wires, and commented on the use of the tail as a 
balancing rod. This same male once stood erect on his hind legs on the tip of a 
slender inclined pole. 

Coatis climb more deliberately than such arboreal artists as the tree squirrels 
{Sciurus) and white-faced monkeys {Celus), but often less deliberately than the 
howler monkeys (Alouatta), which have an advantage over coatis in the use of a 
prehensile tail. Usually coatis avoid making limb-to-limb leaps of more than about 
three feet, but they do not hesitate to jump much farther when pressed. A small 
juvenile I tried to capture in a sapling jumped fifteen feet to the ground and 
escaped. 

Azara (1838) first noted that coatis often turn by raising the forepaws and 
whirling around on the hind feet. Seton (1926) commented that this habit is cor¬ 
related with the precarious footing in trees, and is shared with other animals which 
have to turn in close quarters, such as the mountain goat. 

Tree-to-tree crossings at any height are made constantly, and sometimes these 
are rather precarious. Several times I observed an adult male crossing with great 
care from a large fig tree to an almendro tree in fruit more than a hundred feet 
above the ground. After he had crept to the slender tip of a small branch of the 
fig and reached out with his forepaws to grasp the nearby tip of an almendro 
branch, he let go with his hind feet and swung and scrambled up onto the almendro 
branch. This method was also used by other individuals at various times. One 
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complex access route to a large roost tree used by Band 4 included a jump of about 
four feet across and down from the limb of an adjacent tree to the roost tree. The 
four full-grown females made this without difficulty, but the three juveniles 
showed great reluctance to jump. After much running back and forth and pre¬ 
liminary crouching, two finally made the leap successfully. The third continued to 
look for a less risky way over until it had worked its way down almost to the ground 
and was able to transfer to a liana hanging from the roost tree. 

Occasionally coatis fall from considerable heights. During the 1960 mating 
season, I witnessed a fight between two adult males in which the younger male fell 
forty feet from the branch on which he was attacked. He was apparently unhurt, 
because when the older male had raced down the tree and reached the spot a few 
seconds later, the fallen coati was already in flight. On the night when Band 3 fed 
in a fig tree until after dark, a juvenile fell from a height of at least thirty or forty 
feet during the descent, and landed at my feet with a thud after crashing through 
the flimsy fronds of a small palm about ten feet from the ground. She picked 
herself up immediately and showed no ill effects. 

Swimming ,—Coatis are capable swimmers when the need arises, paddling along 
with their snouts curled up like miniature snorkels; however, I never saw a coati 
enter deep water voluntarily. 

Investigative and Alarm Reactions 

Investigation ,—The coatis on Barro Colorado are not very alert, and an observer 
can often approach quite close to an individual or band without drawing its atten¬ 
tion. I once stood very still in the path of an advancing band I had never seen 
before, and one coati fed along, nose in the litter, to within a foot of me before it 
noticed me and jumped back with a surprised bark. At other times individuals in 
bands noticed me when I was standing still or moving very slowly and carefully at 
distances of from 10 to 75 feet. Coatis feeding near blinds soon became aware of 
my presence and displayed much interest. Coatis that I was obser^dng occasionally 
directed their attention to other animals, to inanimate objects moving in the wind, 
to objects not in sight but presumably smelled by the coatis, and to some types of 
sounds heard in the distance. 

Defibnite patterns of investigative behavior are used in all such situations when 
the object of interest has not been satisfactorily identiSed. The coati turns its head 
toward the object m question, curls up its snout and sniffs repeatedly, and often 
bobs its head up and down. One or both of the ears may also be rotated forward. 
Often, especially if the object of interest has already been sighted, the coati will 
rear up on its hind legs with the front legs dangling down or slightly out to the 
sides. The distance receptors are thus elevated above some of the intervening low 
plant growth. This upright investigative posture is also typical of raccoons, fcinfca- 
jous, and olingos (Bassaricyon gallii ). 

The head-bobbing may serve three functions. An object seen against a confusing 
background, such as the tropical forest, can be seen more clearly if the head is 
moved so that the object seems to move against the background—a device I found 
helpful on many occasions. Als o, moving the head may aid in sound location. 
Finally, by bobbing their heads, coatis are able to sample more of the air with their 
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noses, and they are able to locate specific objects using only their olfactory sense 
(unseen food objects are commonly located in this way). The occasional sight of 
this action being performed with the eyes half closed and the nose actively twitch¬ 
ing is an indication that head-bobbing is at least partly an aid to olfaction. 

Nearby objects with which a coati is unfamiliar are investigated cautiously, with 
the body and snout stretched out in a straight line to their fullest extent. The tail 
is usually extended straight out behind, but may be held in a vertical position 
(pi. 7). The coati, sniffing continuously, inches tautly forward, prepared for a 
quick leap backwards at the slightest disturbance. 

Single coatis or small groups that are accidentally separated from the band 
sometimes follow, nose down, the exact route taken by the others, obviously guided 
by the scent trail. However, if such a trail is not recent and fairly direct, it can be 
very difficult to follow owing to the tortuous, criss-crossed meanderings of the 
scattered individuals. Faced with this problem, the searching coatis often run in a 
series of loops through the home range until they locate the others of the band by 
smell, sound, or sight. They give vocal signals (chittering) during the search and 
keep their noses to the ground much of the time. Visual searching seems to play a 
lesser part, and they sometimes come within plain view of the others without notic¬ 
ing them. The searching of adult females is relatively deliberate, of subadults more 
‘'nervous’^ with more running and chittering, and of juveniles often panicky. 

I have seen coatis respond to sounds and smells which I could not detect, and 
they have sufficiently good night vision to move easily through the forest, and oven 
to climb trees, when a man can see nothing. 

These observations, together with those on the use of smell and sight for locating 
food (page 184) and the roles of the distance receptors in communication, indicate 
that coatis rely most heavily on their highly developed olfactory sense for gather¬ 
ing information from the environment, somewhat less on hearing, and perhaps 
least on vision. 

Alarm .—^After an unknown situation or object has been investigated, the coati 
either resumes its normal activity or reacts with alarm. An alarm reaction may 
also be performed without previous investigation in response to a sudden stimulus, 
such as a loud noise or a quick movement. The stimuli which elicit alarm behavior 
are both varied and variable—^from time to time and from animal to animal. They 
include surprisingly innocuous but apparently unfamiliar objects, such as small 
turtles (see page 165). Sudden movements and loud noises: the sight or sound of a 
running animal; alarm calls of birds or other mammals, such as agoutis; and loud 
barks or coughs from unseen animals almost invariably cause alarm. But coatis 
usually ignore such common loud noises as claps of thunder, the crash of falling 
trees, and the roar of nearby howler monkeys. The sight, sound, or smell of a hu¬ 
man may cause alarm, but the reaction is not intense if the person remains motion¬ 
less and quiet. Alarm behavior observed when there was no apparent cause was 
presumed to be the result of disturbing olfactory or auditory stimuli, possibly the 
sound or smell of unseen predators. 

When the location of the source of alarm is unknown, the coati ordinarily dashes 
less than ten feet up a nearby tree (pi. 6). This is an especially common response 
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to the alarm grants of another coati. Once np on the tree, the coati may “freeze” 
for anywhere from a second or so to more than a minute trying to locate the source 
of the disturbance; as soon as it is located, the coati usually jumps down and runs 
off. Occasionally coatis on trees will climb when pursued and may make their way 
through the tree tops for some distance before descending to the ground. But the 
usual reaction is to descend as quickly as possible, sometimes leaping the last ten 
or fifteen feet. 

A coati suddenly alarmed by a nearby object will usually bark and jump back. 
This may be followed by panic and flight, or by a short period of alertness and tail- 
switching and a return to normal activity if the danger is not pressing. If the alarm 
is neither intense nor sudden, the coati may give a series of grunts and retreat, 
turning frequently to look back at the source of alarm. Switching the tail jerkily 
from side to side is common in such situations. If the alarm is intense, a coati may 
burst into panicky flight, grunting excitedly. These dashes are often short, espe¬ 
cially if the cause of alarm is obscure. When a whole band is involved, there is a 
noisy eruption of wildly scampering coatis, and the next second the forest is as 
still and quiet as if every coati had vanished. They may be standing or clinging to 
tree trunks a few feet away, but they go unnoticed, so neatly and quickly is the 
maneuver performed by the entire band. If no further cause for alarm appears, 
they soon relax and go about their business. If the alarm continues they may slip 
quietly off, or they may be flushed into another noisy retreat. 

Eeaction to Rain 

It rains almost daily through most of the year on Barro Colorado. Frequent hard 
downpours interrupt the feeding activities of many animals, and their reactions 
are sometimes surprisingly vigorous. For instance, every daytime shower is 
greeted by a full-throated chorus from the howler monkeys. 

Light rain scarcely penetrates the canopy. Coatis usually ignore such showers 
even when they are accompanied by loud thimder, but sometimes react to them 
by becoming somewhat “nervous,” moving about more quickly, and chittering. At 
such times they tended to ran more readily from me, so that I occasionally lost 
contact. Even if a shower is prolonged or intense enough to penetrate the forest 
canopy to a moderate extent, all but the juvenile coatis may go about their normal 
routine with only a slight increase in nervousness. Juveniles usually seek their 
mothers and stay close even when the mothers do not seem very concerned. 

When a hard rain comes through the canopy, the coatis seem very nervous and 
invariably run for cover. They travel more bunched up than usual, the juveniles 
staying especially close to their mothers. In one hard shower, F32 ran to cover 
with her back arched and her two six-month-old young running close beside and 
behind her with their heads under her belly. Later the same day these three were 
caught in another downpour, and after abandoning the leaky shelter of a palm 
clump, the female went into a burrow under the buttresses of a large tree. One 
juvenile followed, but the other refused to enter and ran around outside in the 
rain, chittering loudly. The two inside emerged, and all three went back to the 
palms. Soon the female ran back to the burrow, and again one of her young fol- 
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lowed while the other ran around the tree in the rain cluttering. Finally the other 
two came back out, and all three huddled among the buttresses until the shower 
was over. 

Shelter may be sought in any of a variety of places: piles of fallen palm fronds, 
brush piles, blowdowns, pinuela patches, the buttresses of large trees, clumps of 
Rmflll palms, and dense tree tops. Few shelters are really effective in the hardest 
downpours, and if such rains are prolonged the coatis may change shelters one or 
more times. Once in the shelter they sit hunched together, with the juveniles close 
in under their mothers. The females frequently groom the young while waiting 
out a shower. 

As soon as a hard shower lets up so that it is no more than a light rain, the 
coatis go on about their business. A few hard shakes usually free the fur from 
most of its water, but after a very hard shower the coats may be soaked and look 
sleek in places. 

Grooming 

Coatis frequently groom themselves with their teeth and claws. Where possible, 
they scratch vigorously with both front paws in a rapid, alternating motion. How¬ 
ever, any foot may be used separately on any part of the body it can reach, and the 
various positions assumed during scratching are frequently contorted. A scratch¬ 
ing coati may lie on its back or side, sit up on its haunches, or stand on throe legs 
while scratching with the fourth (pi. 8). Coatis also use their incisors as pincers, 
nipping the skin lightly in a very rapid series of bites. Frequently, scratching and 
biting are employed together on a particularly irritating spot (pi. 7). 

This self-grooming is presumably in response to the irritation caused by ticks 
and other external parasites. I never saw coatis performing the apparently irrele¬ 
vant grooming so often done by monkeys in situations of frustration or uneasiness. 
A busily scratching coati often seems oblivious to all else—once saw a juvenile 
so engrossed in scratching her abdomen with both front paws that she lost her 
balance, rolled off a log, and then lay scratching herself on the ground without 
having missed a stroke. 

Mutual grooming is also common. 

SOCIAL BBHAVIOE 
Population Structure 

COMPOSITION AND STABILITT OP BANDS 

Adult female coatis and their young live in bands (pi. 9). The basic unit of or¬ 
ganization seems to be the family group of an adult female and her offspring less 
than two years old. Several such family groups are commonly combined in a single 
band, which may also include adult females that have no young. Probably most 
or all of the adult females in a band are closely rdated, as mothers and daughters, 
sisters, or cousins. The compositions of the 5 bands that I followed closely are sum¬ 
marized in table 3 for the first date I saw each of them and the last. 

From 1958 to 1960 no bands with more than 20 individuals were seen on Barro 
Colorado. Of the bands that I followed closely, only one had over 10 members. 
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TABLE 3 

Composition op Bands 


(Code names for individual coatis are explained on page 103.) 


Date 

Adult females 
'With young 

Adult females 
without young 

Subadult males 
and females 

Subadult, 
sex not 
known 

Juvenile males 
and females 

Juvenile, 
sex not 
known 

Total 

BAND 1 

Aug. 1958 

FIO, Fll 

F12, F13 

F14, F15, 
F16, F17, 
Mil, M12, 
M13 

1 

fl8‘, fl9» 

1» 

15 

Aug. 1959 

0 

Fll, F15, 
F16, F17 

F19b 

0 

0 

0 

6 


BAND 3 


Sept. 1958 

F31, F32 

0 



£35", £36", 

0 

9 






£37‘>, m32'* 



April 1959 

0 

F34 



0 

0 

2 


BAND 4 



Oct. 1959 

mmm 

0 

F52, M51 

0 

m52^ m53' 

0 

5 

Jan. 1960 


F52 

M61 

0 

m52 

0 

4 

BAND 6« 

Deo. 1959 

F61, F62 

0 

0 

0 

m61^ m62'‘ 

0 

4 


» Mother was either PlO or Fll. 

b Mil, M12, and M13, all subadult male members of Band 1 m 1958, had become soUtaiy adults by July, 1959. 
e Mother of f35 and f36 was F31. 

Mother of f37 and m33 was F32. 

• Mother of £45, f46, and m41 was F41. 

' Mother of m62 and m53 was F51. 

* This entire band was live-trapped in December, 1959, and kept in captivity from then on. The two juveniles died 
in January, 1960. Both females had utters m Apnl. F62 and her entire litter (2 feniales, 2 males) died in VLay, F61 and two 
of her juvenile females were rdeased m June; her remaining juvenile female was retained as a captive. 

^ Mother of m61 and m62 was F61. 
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Bands with 20 to 40 members have frequently been reported in the literature; and 
although even experienced observers may well overestimate the size of coatis bands, 
which usually explode in all directions when startled, they undoubtedly reach this 
general size range under the proper conditions. Eeports of ^‘bands’’ with 200 or 
more members (Alvarez del Toro, 1952) are probably based on sightings of large 
temporary aggregations at a particularly good food source. Such aggregations, 
composed of a number of bands and solitary males, were seen several times on 
Barro Colorado in the course of this study. 

The bands I watched were not very stable. Subgroups frequently left the bands 
voluntarily and remained apart for periods of up to 2 or 3 days, though usually 
for less than 24 hours. The subgroups might split again, some of them rejoining 
another subgroup, so that a diagram of the splittings and regroupings would at 
times resemble a loosely braided cord. Although any coati in a band might go off by 
itself for awhile, and a given subgroup might have any composition, the splitting 
was not random. Certain members of the band tended to stay together, whereas 
others were more independent and frequently left for short periods. The most 
stable subgroup seemed to be the basic family unit of an adult female with her 
young of the current year. Adult females without young were generally the most 
independent members of bands. Juveniles were seen on several occasions apart 
from the rest of the band, but I think these were accidental rather than voluntary 
separations. 

Band 1 was the least stable of those that I followed. The most stable subgi’oup in 
it was composed of Fll, F14, fl8, fl9, and M12; M13 and especially MU, FI2, and 
F13 were more independent. F15, F16, and F17 were split off from the main group 
most of the time I was following Band 1, perhaps partly owing to my presence, for 
they were very shy of me. However, in February, 1959, they began moving into 
the band again, and by the end of March they were fully integrated. 

Band 3 was smaller and more stable. F32 was the only independent one, and was 
recorded apart from the band 12 times. Her young, m32 and f37, were both with 
her on 6 of those occasions, each was with her without the other once, and 4 times 
she was alone. After the deaths of F31 and F32, the stability of the rest of the 
band decreased. F33 and m32 soon disappeared permanently, and f36 followed 
not long after that. The remaining small group of F34, f35, and M31 was quite 
stable. 

There was evidence that Band 5 split into subgroups before I had any direct 
contact with it, and the group I tamed (F51, F52, M51, m52, m53) was joined 
from time to time by 2 other full-grown coatis that had been seen with the band 
earlier. 

Band 4 was relatively stable, but infrequently F42, F43, and F44 left, either 
alone or together, for periods of less than 24 hours. 

Often no effort is made to keep the bands together—a subgroup casually walks 
off and neither it nor the rest of the band make any immediate effort to reunite. 
An adult female may even leave her young behind if they do not see her leave and 
foEow. The deserted young usuaUy remain with the rest of the band untE their 
mother rejoins them, but they often do not maintain as close contact as do the 
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juveniles whose mothers are present. Three times F32^s young became separated 
from the band and spent 1 to 5 days by themselves before they managed to rejoin 
the band. 

At other times single coatis or groups are clearly uneasy when they become 
separated from the rest of the band by accident, or because of the voluntary de¬ 
parture of another group. This is especially true of juveniles and single subadults 
or small groups of them, but it is sometimes true even of adult females with their 
young. Accidental splits in a band often occur when one group remains to rest or 
feed in a particular tree or brush pile, while the other moves on, feeding in the 
litter. Before long, the coatis that were left behind chitter and run to catch up, 
or the group ahead may wait or turn back, chittering, to find the others. If the 
members of a subgroup are not immediately successful in finding the rest of the 
band, they run in looping search patterns (described on page 114) until contact 
is re&tablished. 

In general, I do not believe that the splitting of bands into subgroups had any¬ 
thing to do with my presence. One possible exception was the unusual independence 
of F15, F16, and F17 during the early months of my contact with Band 1. In the 
light of other evidence, however, even this was probably only the intensification of 
a tendency that already existed. Subgroups were definitely identified from Bands 
1, 3, 4, and 5 before I began taming any of them. After the bands were tamed they 
w’ere often split into subgroups when I made contact after an absence of several 
days. While I was following one such subgroup, other members of the band often 
joined it, showing no signs of alarm at my presence. Or if I was following an in¬ 
dividual (e.g., Fll or F32), it often rejoined the rest of the band. The coatis that 
left the bands while I was following them were often the tamest ones, and when 
such splits occurred I could easily follow whichever group or individual I chose. 
In the course of a single day I might be with an entire band, then one subgroup, 
the entire band again, then a different subgroup, and so on. 

SOLITAEY MALES 

Males usually leave the bands at the end of their second year, at approximately the 
time when their testes descend. From then on they lead solitary lives except dur¬ 
ing the mating period, when they may join a band temporarily. 

I learned to recognize eight solitary adult males that were frequently seen dur¬ 
ing the course of this study. MSa was usually seen in the core area of Band 1, but 
spent much time in the core area of Band 3 while the hogplums were in fruit; he 
had contact with both bands. MSb was seen chiefly around the laboratory clearing, 
but also wandered at least 900 meters from it. MSc and MSh were seen only around 
the clearing, but frequently were absent and also undoubtedly wandered over a 
much larger area. MSd was seen both around the laboratory clearing and in the 
home range of Band 1, which he joined during the unsuccessful 1959 mating pe¬ 
riod. MSe was seen in Band 5’s home range. MSf and MSg were both seen in Band 
4’s home range, and MSf joined Band 4 during the 1960 mating period. All of 
these males were three or more years old except MSg and MSh, which were both in 
their third year. Several other solitary males were seen from time to time within 
the study area, but these were not individually identified. 
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A single solitary female (FSa) was observed in the vicinity of the laboratory 
clearing in 1958. She had been observed around the clearing for some months be¬ 
fore my arrival in July, and was still ignored or treated with hostility by all of 
the adult males and by Band 1 when I captured her in September. She died in 
captivity in June, 1959, and her wom-down teeth indicated old age. 

A recently adult male (in his third year) was seen with a female several times 
in September, 1959, in what had been the core area of Band 3. These two were 
probably the remnant of a band (possibly M31 and F34 from Band 3); the male 
had so far failed to become solitary. This was the only adult male I saw regularly 
associated with an adult female outside of the mating period. 


TABLE 4 

Ags and Sex DisTBistmoN or Known Coatis in Study Area 
(Nonbreeding Season) 


Band 

Males 

Females 








Adults 

Subadults 

Juveniles 

Adults 

Subadults 

Juveniles 

1. 


3 


4 

4 

2 

3 . 


1 

1 

2 

2 

3 

4. 


.. 

1‘ 

3 

1 

2» 

5. 


1 

2 

1 

1 

., 

6 . 


, , 

2b 

2 


, b 

Solitary. 

12+ 

*• 


1 



Subtotals. 

12+ 

5 

6 

13 i 

1 

8 

7 

Totals. 

23+ 

28 


ft Does not include 1660 litters (sex not detemiined). 
b Does not include 1960 litters (5 females, 2 males). 


AGE AND SEX DISTRIBUTIONS 

The age and sex distributions of all coatis positively identified in the study area are 
su mm arized in table 4. The count of solitary males is very probably lower than the 
actual number present—^these males are usually inconspicuous—and the sex ratio 
for the entire population is probably about 1:1. Of more significance in population 
dynamics, however, is the ratio of adult males to adult females during the mating 
period. There are definitely more adult females in the population at this time, for 
females in their second year may breed while males of the same age are immature. 
But there is still a surplus of adult males, since only one male joins each band in 
the mating period, and may mate with all of the females in it. 

Patterns op Social Behavior 

All the basic social behavior patterns are listed first, with a very brief description 
of each. The relevant behavioral context is discussed next, followed by an inte¬ 
grated interpretation of these patterns, which will serve as a basis for the discus¬ 
sion of social relations and the possible advantages to the coati of these behavior 
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patterns. I have followed the usage of Moynihan (1955o, 6) for such behavioral 
terms as “motivation,” “drive,” “ritualized,” “hostile,” “appeasement,” and “re- 
dir6ct6d. 

COMMUNICATION PATTERNS 

Vocal communication, —Coatis respond to different situations with a variety of 
vocal patterns, which in turn elicit fairly predictable behavior from other coatis. 
These basic vocal patterns conld be subdivided endlessly according to small mor¬ 
phological differences. But unless they can be recorded on tape for analysis and 
comparison, nothing is to be gained by splitting continua of intensity into multi¬ 
tudes of discrete, named signals when the contexts of the different signals and the 
responses to them cannot be defined and correlated with equal precision. Because 
I had no equipment for recording sound in the field, and because the behavioral 
contexts of vocal signals in wild bands are so complex, I am limiting this presenta¬ 
tion to patterns which are easily distinguishable on the basis of accompanying 
behavior and events. 

1) Grunting. Short, throaty sounds of low frequency, usually uttered in series. Low intensity 
grunts are made by all members of a band while traveling and feeding on the ground. These 
grunts are made at a rate varying usually from 3 to 6 per minute (based on counts totaling 611 
minutes), with extremes of 0 to 10, or more. Grunts range in an apparently complete continuum 
from this relatively slow, low volume series to the loud, rapid bursts of grunting used in situations 
of acute alarm. The sound seems to be basically the same throughout this continuum but progres¬ 
sively increases in volume, sharpness, and rapidity of emission. 

2) Barking. Single, short, loud grunts. The bark is uttered when a coati makes a reflex jump 
away from some previously unnoticed object that has suddenly alarmed it. Juveniles often use a 
high-pitched squeak in similar situations. 

3) Whining. Very high-pitched, thin cries, made with the mouth closed, and audible for only a 
few feet. This sound was made infrequently and only by juveniles, 

4) Cluttering. A rapid series of short, high-pitched, birdlike sounds. Chittering is most char¬ 
acteristic of very young coatis, and becomes progressively less frequent with advancing age. 
Although chittering is usually loud and shrill, juveniles make a quieter, more musical chittering 
in mutual grooming situations. 

5) Squealiag. Piercing, high-pitched cries. Chittering grades at very high intensities into an 
unbroken squeal. Frequently the squeal given by adult females is lower in pitch and more nasal 
than the common squeal, but the high-pitched squeal is used in actual fights. 

6) Growling, snarling. Low-pitched, throaty growls and snarls (high intensity growls) are com¬ 
monly uttered by adult males in the same situations in which squeals are used. 

7) Chop-chop. A purely mechanical sound made by opening and closing the mouth rapidly 
(^Tjiting air”) 2 or 3 times in rapid succession. The visual component of this signal may be as 
important as the sound. This pattern was performed chiefly by adult males, and it was observed 
only in the breeding season. 

8) Chuckling. A complex, frenzied sound with both high- and low-pitched components. Chuck¬ 
ling was heard from coatis of all ages, but most often from adults and least often from juveniles. 
Ninety per cent of the 50 observed instances were in the breeding season, all but 2 of the others 
were in December, and 1 of those occurred in a short period of apparently low level sexual activity 
in late September^-early October, 1958. 

Visual communication. —Coatis have very few postures that seem consistent and 
ritualized enough to function as signals. Those which seem most likely to serve as 
such are listed here, but the evidence for some is weak. 

1) Nose-up. The only essential component of this posture is the up-tumed snout, and this is all 
that was observed in some low intensity situations. Usually, however, the mouth is open, the lips 
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are drawn back exposing the teeth., and the ears are laid back. Other details of the posture depend 
on specific details of the individual encounteis. Coatis defending food from other coatis usually 
sit or crouch over it. If no food is involved they may either sit or stand, but in high intensity 
situations and at close quarters standing with the tail out behind, usually at or below the hori¬ 
zontal, is the rule (fig. 7, a). The neck may be extended or withdrawn, depending on whether the 
animal is on the offensive or the defensive. In general, the attack position is head up, neck ex¬ 
tended, rump up, and tail straight out behind; the defense position is head up, neck withdrawn, 
rump and tail down. 



Fig. 7. a. Typical high intensity nose-up posture, h. Typical high intensity head-down posture. 

Drawm by Gene M. Christman from photographs by the author. 

2) Head-down. In this posture the head is pointed down at the ground (fig. 7, h), and in extreme 
cases juveniles (and rarely older coatis) cross their front paws over their snout or eyes. This 
posture can be assumed in either a sitting or standing position. The eyes are often partly closed, 
the lips are never pulled back, and the mouth is usually closed; occasionally coatis make chop-chop 
sounds, grunts, or low growls while in this position, but for the most part they are silent. The 
neck is never extended, and the tail is usually not raised. 

3) Yawning. Occasionally coatis in the head-down position yawn conspicuously. They frequently 
look away while yawning, and often partly close their eyes. 

4) Juvenile head-jerking, inhibited biting. Juveniles frequently approach adult females 
(particularly their mothers) when the latter are grooming themselves or other coatis and, lyiug 
in front of them, jerk their heads toward the females, make inhibited biting movements at them, 
and chitter softly. The females usually respond by grooming the young. Especially during the 
breeding season, inhibited biting frequently is combined with mutual grooming by subadults and 
adults of both sexes, 

5) Tail-switching. Switching the tail jerkily from side to side. 

6) Tail-to. In the mating period adult males accompanying bands often approach adult females 
and sit or lie near them with their tails toward them. Adult females sometimes assume this same 
position after approaching adult males. The tail itself is not oriented in any particular way. 
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7) Other positions of the tail. During stop-watch observations in the field totaling 465 mimiteS; 
tails were held more or less erect (45® or more above the horizontal) about 40 per cent of the time. 
The tails were raised and lowered independently of whether the coatis were feeding in the litter, 
digging, running, or walking. Alarmed coatis frequently raised their tails, but if they were 
already raised they were often lowered. In encounters with other coatis the tail may be held in any 
position, though it is usually not held vertically in high intensity nose-up postures. 

Olfactory communication .—Olfactory signals are undoubtedly far more im¬ 
portant to coatis than can be determined by field observations, especially for species 
and individual recognition and for indicating breeding condition. Two obvious 
behavioral patterns connected with olfactory communication were observed. 

1) Urine-rubbing. Urine is rubbed on trees, logs, and vines by adult males in the breeding 
season. They emit the urine while they rub their abdomens up and down on the stems (or forward 
and back on horizontal logs) by alternately extending and flexing the hind legs; the front legs are 
used to steady the body (pi. 11). Any trunks and vines more than 2 or 3 inches in diameter may 
be used. 

2) Perineal sniffing. During the breeding season I occasionally saw coatis sniffing at the perineal 
regions of other coatis. 

BEHAVIORAL CONTEXT OP COMMUNICATION PATTERNS 

Vocal communication. —1) Grunting. The low intensity grunts characteristic of 
bands while feeding or traveling are definitely made oftener by females with young 
than by other members. But further comparisons of age and sex groups cannot 
safely be made, since the counts were affected by such factors as my presence (e.g., 
shy animals increased their rates of grunting when I got close enough to them to 
make an accurate count). An individual may suspend its grunting while it is rip¬ 
ping open a log, digging a hole, etc. Members that voluntarily leave a band to 
forage alone grunt less frequently than when they are part of a group, i£ at all. 
These changes in the patterns of grunting due to influences other than my pres¬ 
ence, plus abundant observations of pattern changes in individuals and bands that 
had not yet detected my presence, argue against the possibility that low intensity 
grunting was simply a universal reaction to my presence. 

There are many situations in which the volume and rapidity of grunting may 
increase slightly (or begin if the animals have been quiet). Any of the members of 
a group may increase their grunting in response to the chittering of a coati sep¬ 
arated from the group. This reaction is most noticeable in females with young and 
least noticeable among subadults, but even adult males respond in this way when 
they are with a band during the mating period. Coatis that chitter when they are 
separated from a band move toward the individuals that respond with increased 
grunting and soon rejoin the band. While they are running to catch up, they them¬ 
selves may grunt slightly more loudly and frequently than is usual when they are 
with the group. Juveniles that remain on the ground when their mothers climb a 
tree to feed on fruit may increase their grunting temporarily, but soon quiet down. 
The members of a band will also respond to the chittering of coatis in other bands 
nearby with increased grunting. But this situation is complicated by the fact that 
grunting usually increases whenever another band is encountered, or even when 
part of the same band returns after an absence, whether or not there is any chit¬ 
tering. While the band is dispersed and the new young are still in the nests, two 
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adult females from the same band will begin low intensity grunting if they happen 
to meet briefly in the course of their otherwise lone and silent foraging trips. 

Slight increases in Ihe volume and rapidity of grunting were also noticeable 
when a leisurely feeding band started traveling more steadily; after dusk, when 
the band usually bunches up more than is usual in daylight traveling; when lone 
individuals or members of a band were slightly alarmed by some sound or move¬ 
ment I made or I simply approached too close to shy individuals; and when I fed 
the coatis in a group. 

Louder, more rapid grunting is characteristic of other situations. When a mem¬ 
ber of an nufamili ar band became aware of my presence on the trails or in a blind, 
the usual reaction was an immediate outbreak of excited grunting. The members 
of the band that had not yet detected my presence became alert, moved away from 
the individual doing the grunting, and frequently dashed a short distance up 
nearby trees. Tail-switching was often combined with grunting in such situations. 
If the grunting continued, the whole band then moved off together. Bands that 
frequented a bait station, but were not yet sufficiently tamed for me to follow, 
frequently approached the blind cautiously, sniffing constantly, then began grunt¬ 
ing and hastily retreated a short distance. Even after most of the members of a 
band were tame enough to follow, some of the shyer individuals would keep well 
away from me and begin grunting excitedly whenever I came close to them. Once 
a band was tamed, this loud, rapid grunting was no longer directed at me, but 
was still a common reaction in other situations. Turtles and snakes encountered in 
the field, or placed near coatis in the clearing or in pons, usually elicited excited 
bursts of grunting, often accompanied by a quick retreat, while nearby coatis 
hearing the outbreak of grunting frequently dashed up trees. Adult males that I 
encountered in the forest sometimes gave a ^ort, well-spaced-out series of rela¬ 
tively loud grunts before they retreated. 

Frequently, adult males and members of bands both gave relatively loud and 
rapid grunts when they encountered each other. Such encoimters usually ended 
with the male being chased off by the band, which, noses up, chittered, squealed, 
and occasionally actually tackled and bit him. Captive adult males also grunted 
and shied away when approached by captive female coatis, a captive racoon, and 
a large boa constrictor. 

In the breeding season, and especially the mating period, coatis that at other 
times avoid each other and react with hostility when they do meet come into closer 
contact more frequently. Such encounters are almost invariably characterized by 
grunting of varying intensity, often associated with other vocal signals and actions 
that indicate a conflict of motivation. The most frequent encounters of this t3T)e 
are those between an adult male and the band that he joins for the duration of the 
mating period. The male is associated with the band almost constantly for about a 
month, during which period he grooms and copulates with the females and is gen¬ 
erally treated without hostility. When such a male has been away from the band 
temporarily, his return like that of other members of the band throughout the 
year, usually causes a slight increase in the grunting of the band members. More 
significantly, when the male or members of the band approach each other very 
dosdy (often on a fallen log or up in a tree) there is fiequently an outbreak of 
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grunting from the adult male, and sometimes also from the female (s) and younger 
male(s). The grunting in these close encounters is often mingled with chuckling. 
The participants may go past each other without further incident, one may sit or 
lie with its tail to the other, they may stand facing each other in a head-down 
posture, the male may be attacked, they may pause to groom each other, or the male 
may mount and attempt copulation. Several of these acts may he combined in the 
same encounter. 

For example, in the 1960 mating period MSf was resting on a fallen log when 
F42, F43, and two juveniles climbed onto the log. He began grunting continuously, 
rapidly but not very loudly, as they groomed each other near him. Then he sud¬ 
denly got up and mounted F42, and both animals grunted and chuckled. After he 
released F42, a juvenile went near him, his grunting became faster and louder, 
and he grabbed and mounted her, still grunting. She struggled and squealed, 
F43 lunged at him, and he released the juvenile. Three more times F42 approached 
the male and groomed and/or sniffed at him briefly; each time his grunting became 
faster and louder and the female moved silently away from him. A juvenile also 
approached him several times, and again his grunting increased. The juvenile left 
each time without touching him or making any noise. Another time when MSf 
was resting on a log. Band 4 climbed onto it to rest, and he got up and approached 
them, giving a series of fast, low volume grunts. When he reached the advancing 
band, he lay down with his tail toward them. The band continued on past him, each 
adult female (except F44) pausing briefly to groom with him as she went by. He 
made abortive attempts to mount two of these females. Thirty minutes later the 
band came back past him on their way to the ground, and again each of the adult 
females (except F44) paused to groom with him. There was chuckling during the 
mutual grooming, but no grunting. 

Adult males that approach bands by which Hiey have not been accepted usually 
do so with very loud and rapid grunting. They frequently pursue the females up 
trees and engage in active fights with them if the females resist (as is usually the 
case). 

In the mating period subadult males in the same band frequently engage in 
homosexual mounting, and grunting is common at such times—often when they 
simply approach each other on the same log. 

Loud, rapid grunting is also characteristic of the initial stages of the encounters 
between adult males in the breeding season, for example, when an “outsider” male 
tries to approach a band already accompanied by a male. Squealing and nose-up 
postures invariably follow, and the intrudii^ male usually retreats voluntarily or 
else is chased off by the other; actual fighting occurs frequently m these encoimters. 
■While MSf was accompanying Band 4, he frequently climbed alone onto logs and 
trees and gave a series of fast, loud grunts when no other males were in sight. 

On several occasions adult females in bands emitted long, excited bursts of 
grunting during and immediately after the band’s ascent into a tree to rest. On 
eadi occasion an adult female was missing from the group. The first instance in¬ 
volved Band 1, and occurred as they ascended at night. Fll was absent, having 
been accidently live-trapped shortly before and not yet released. The other in¬ 
stances all involved Band 4. As they ascended a tree to rest one afternoon, F41 
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began grunting and stopped only after all of the band that was present had 
ascended (the three juveniles lagged behind). F43 was absent at the time, and 
there was a troupe of white-faced monkeys in nearby trees. F43 came along later, 
making low intensity grunts like those of a traveling and feeding band. As she 
approached, there was a loud burst of rapid grunts from the tree above. She 
climbed a nearby tree to rest and joined the band when they descended and moved 
on. After the band had reformed with the new young in May, I960, the adult fe¬ 
males grunted in a similar manner three times in daytime and t\vice in the evening 
as they and their young ascended trees to rest or sleep. On these occasions F41, her 
single new offspring, and f45, f46, and m41 were not present. 

2) Barking. On one occasion the object eliciting a backwards jump and a bark 
was m 3 rself, when a wild coati fed to within one foot of me before noticing me. On 
another occasion the alarming object was a deer that had walked up unnoticed 
behind the coati. After the initial jump the coati may run off, dash up a tree, 
switch its tail, or simply return to feeding, depending on the nature and duration 
of the alarm. Other coatis hearing the bark may similarly climb trees, “freeze,” 
nm off, or ignore it after a quick glance to determine the cause of the disturbance. 

3) "Whining. Captive juveniles whined as I approached their pen with food each 
day. The three wild juveniles in Band 4 were left in a group by themselves when 
the adult females were in late pregnancy and the band was dispersed. At dusk the 
first night they made several false starts up trees and vines, gave low intensity 
grunts, cluttered, and whined. Two days after F42’s new yoimg were bom, these 
same three juveniles climbed into her nest tree and were attacked and chased back 
down. They stayed below in a tangle of viues, several times starting back up a 
short way, and whining constantly. Finally they descended to the ground and left. 

4) Chittering. A juvenile will walk over to a female who is grooming herself or 
another coati and lie in front of her, take her head in its forepaws, jerk its head 
toward her, give her inhibited bites, and groom her, all the while producing a low 
intensity chittering and a variety of soft squeaks and whimpering noises. Adult 
females usually respond by grooming the juvenile, which continues to make these 
sounds as it is being groomed. 

Juveniles react in a variety of other situations with a more emphatic, louder, 
diriller chittering. Wild young coatis that I treed or caught by hand responded 
with very high intensity chittering. Other coatis in the band, and particularly 
the mother, responded by returning quickly to the scene. I carried one of these 
chittering infants away with me, and several members of the band followed for a 
few yards but made no attempt to attack me. A chittering juvenile coati with 
nose turned up frequently may advance toward a solitary male that approaches 
the band. Unless the male retreats immediately and the chittering stops, the young 
coati’s mother rushes to the attack and drives him off. Young coatis also chitter at 
adult males when they are encountered away from the protective band, but in such 
situations the chittering accompanies a rapid retreat rather t.Tinr an attack or a 
show of defiance. Young coatis sometimes react similarly to the approach of other 
bands, and may incite hostile encounters between their own mothers and the new¬ 
comers. Chittering is also frequently directed at members of the juvenile’s own 
band; for example, at a subadult male that mounts the juvenile during the breed- 
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ing season, at any member of the band that tries to take food from the juvenile, at 
other juveniles with whom it is having “play fights,” at the mothers of other ju¬ 
veniles which intervene in such fights, and sometimes at any individual other than 
its mother which approaches too closely. Juveniles separated from the band im¬ 
mediately start chittering loudly; other coatis in the band respond with increased 
grunting and, from other juveniles, more chittering. If the “lost” coati does not 
rejoin the band immediately and continues chittering, the other members, espe¬ 
cially the mother, move tow'ard the sound. Sometimes chittering heard in the dis¬ 
tance is ignored, but if it is prolonged coatis will usually go to investigate. If the 
chittering stops they will resume feeding again, and the grunts subside to the 
normal low intensity. Subgroups may split from bands and quietly go their own 
w^ay for a while. But at other times the members of one or more such subgroups 
seem to search actively for the other members of the band and the young in the 
subgroup chitter until contact is made again. Very young coatis just out of the 
nest chitter whenever they find themselves out of sight of adults, even if other 
young are present. Young coatis also chitter sometimes during a rain shower. 

Coatis less than three months old chitter very frequently—often for no apparent 
reason—^when they are feeding along with the band. As they get older, other vocal 
patterns replace chittering in some easily identifiable situations; in other situa¬ 
tions, the older animals simply seem less “sensitive” than the young ones. Sub¬ 
adults chitter most frequently when they are separated from the band or from a 
subgroup. Subadults also chitter in encounters with adult males, in encounters 
with members of other bands, in disputes over food with members of their own 
band, and in the rain. Subadult females may chitter when approached by a sub¬ 
adult male from the same band in the breeding season. Then mutual grooming 
often ensues, and sometimes the males mount the females. Adult females chitter 
occasionally in the same situations, but they do so much less frequently than do 
subadults. I have never heard an adult male chitter. 

5) Squealing. Any member of a band may squeal at other members of the band 
(e.g., in a dispute over food), at members of other bands, at adult males, or at other 
animals (e.g., white-faced monkeys that harass the coati). Adult males squeal when 
facing other coatis in the nose-up position and when fighting. Squealing coatis 
always assume the nose-up position except when they are engaged in physical 
combat; squealing is the most common vocalization used in actual fights by coatis 
of all ages, and the only one used by juveniles and subadults. 

The usual response to squealing and the nose-up posture is more of the same. 
Snarls, chop-chop sounds, and head-down postures may be included, and occasion¬ 
ally a fight results. Nearby coatis often are attracted by squealing, and join in 
attempts to take food from other band members, in fights between other band 
members, and in fights between band members and adult males. 

6) Growling, snarling. Growls and snarls may be used alone, or alternately with 
squealing. However, growling is usually restricted to situations short of actual 
contact. Subadult males growl occasionally, but younger animals typically use 
chittering and squealing in situations where adult males growl and snarl. Adult 
females also growl at times, but use low-pitched squeals more often in comparable 
situations. 
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7) Chop-chop. This pattern is most typical of adult males in the presence of other 
males, and is frequently accompanied by urine-rubbing and the head-down posture. 
Captive adult males also made chop-chop noises when I approached them closely 
during the breeding season, and on such occasions the head-down postiure was 
commonly assumed. Captive adult females made this sound, often accompanied by 
rapid gruntmg, when someone approached them or their new litters. F41 included 
chop-chop sounds with tail-switching and rapid grunting in response to the sudden 
noisy appearance of MSf and P42 in the mating period (the three juveniles were 
also present, and climbed nearby trees, grunting rapidly). The only occasion on 
which a juvenile was heard to make chop-chop sounds was when my wife cornered 
a seven-month-old captive male in the breeding season. 

8) Chuckling Chuckling was associated with mutual grooming in about three- 
fourths of the observed instances, either immediately preceding it, or simultane¬ 
ously with the grooming. It was heard during excited sessions of mutual grooming 
between members of the same band: adult females, adult females and subadult 
females, adult females and subadult males. Juveniles often joined sessions, and 
may have eontributed to the chuckling. A very tame captive juvenile female, raised 
in isolation from other coatis, frequently made chuckling sounds when she was 
petted and scratched. Chuckling was heard from adult males and adult females 
during sessions of mutual grooming in the breeding season, and sometimes from 
the male during copulation. 

Coatis from the same band sometimes made chuckling noises when approaching 
each other after a temporary absence. For example, F14 once made these sounds 
as she approached Fll when the latter rejoined the band. But Fll responded with 
squeals, M13 joined in, and the encounter ended in a fight between Fll and Ml 3. 
Late in the afternoon on the day after Band 4’s new young first were seen on the 
ground in May, 1960, F42, F43, and F44 were resting in a tree with their offspring 
when F41, her single new young, and her three young from the previous year came 
in a group and climbed the same tree. There was an immediate outburst of 
chuckliag, grunting, and growling, and the three juveniles from 1959 came hur¬ 
riedly down out of the tree. The three soon went back up and there was more 
grunting and chuckling, but this time there was no growling and the entire band 
remained together there for the rest of the night. The two groups separated the 
next morning and three days later F41 and her young again joined the other group. 
The three older juveniles were again treated with hostility by F42, F43, and F44, 
but P41 joined them immediately for an exciting session of mutual grooming, 
accompanied by chuckling. 

MSf sometimes made chuckling sounds when he approached the females of 
Band 4 in the breeding season. Other adult males also made chuckling sounds, 
usually mixed with grunting, on sis occasions when approaching bands that they 
were not accompanying. Three times they were accepted by the females and groomed 
with them; three times they were met with squeals and the nose-up posture and 
driven off. Chuckling was heard once while members of two different bands 
groomed each other during a meeting in late October. Two females that had had no 
previous contact with each other were kept in adjacent pens during part of the 
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breeding season. When they were released in June, they ran to each other and 
began mutual grooming and chuckling. 

Finally, chuckling was heard in several situations which started with squeals 
and nose-up postures, or fighting. 1) In the mating period, a juvenile squealed at 
an adult male and the male retreated, chuckling. The juvenile’s mother then joined 
the male and they groomed each other, both chuckling. 2) In December, an adult 
and a subadult female were fighting, with much loud squealing. Suddenly the 
squealing turned to chuckling and without any pause the two began grooming 
each other. 3) Again in December, two juveniles began chittering at a subadult 
female, and their mother ran to join them. In most such situations the adult female 
will attack in support of her young, but this time there was a brief period of 
chuckling as the female arrived, and all four animals separated peacefully. 4) In 
the mating period, an adult female involved in a chain reaction fight was attacked 
unexpectedly by a juvenile, and retreated hurriedly, chuckling as she went. 5) 
Once chuckling was heard in an encounter between two adult solitary males. This 
occurred during October, and was one of several incidents apparently indicating a 
small peak of sexual activity. The males rushed at each other, squealing, and faced 
each other with nose-up postures. Then one made chuckling sounds, both rubbed 
urine on trees and logs, and they went off in different directions. 

Visual communication. —1) Nose-up. This picture is commonly assumed in en¬ 
counters between coatis, especially encounters between adult males, between adult 
males and members of bands, between members of different bands, and between 
members of the same band in disputes over a choice item of food. It is also used in 
some encounters with other animals, as when white-faced monkeys are harassmg 
coatis in fruit trees. Chittering and/or squealing almost always accompany this 
posture. Nose-up squealing precedes most fights, and occurs during the periods of 
actual contact. 

2) Head-down. The head-down posture is assumed at times by all coatis in the 
same t 3 ^es of encounters in which the nose-up posture is used, and often they 
alternate quickly and repeatedly between the two. Coatis in the head-down position 
may immediately either attack or be attacked; if attacked they assume a nose-up 
posture and defend themselves. In the mating period captive adult males fre¬ 
quently assumed this position and often licked their feet, abdomens, and penises 
in the presence of adult females and other adult males. This posture was also 
assumed frequently by captive and semitame coatis when they were approached 
by humans. 

3) Tail-switching. This action was performed by coatis facing coatis or other 
animals that had apparently alarmed them. On two occasions, juveniles who were 
separated from their band climbed trees at the approach of an adult male and 
switched their tails. Another time, a white-tailed deer approached a band and a 
juvenile advanced cautiously toward it, switching its tail. A dight noise behind the 
coati sent it running off in panic. A few minutes later the deer approached a sub¬ 
adult male from behind, and when the male suddenly became aware of its presence 
he barked, climbed several feet up a tree, and switched his tail. An adult female 
alarmed by the sudden noi^ approach of two other coatis made chop-chop sounds 
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and rapid grunts, and switched her tail. Adult males and members of bands some¬ 
times switched their tails and grunted as they retreated from me. 

4) Tail-to. The response to this posture was not consistent: sometimes the 
perineal region was sniffed, sometimes the coati that was approached initiated 
mutual grooming, and females sometimes attacked males who took this position 
near them. But just as commonly, the tail-to coati was ignored. 

Olfactory communication, —1) Urine-rubbing. Urine-rubbing was practiced by 
both captive and free coatis, frequently by two males when they met. It was often 
accompanied by chop-chop sounds, and almost always by squealing and nose-up 
postures. However, lone adult males and adult males with bands also paused fre¬ 
quently each day to mark trees in this way as they wandered through their ranges. 
Several times males without bands in the mating period were seen rubbing urine on 
trees as they approached bands. One such male came sniffing along to a tangle of 
vines at the base of the access route by which Band 4 and MSf had climbed into 
the tree tops to rest. He sniffed very carefully around the vines, then rubbed urine 
on them, and quietly went back the way he had come. Three times in the breeding 
season, adult males retreated and rubbed urine on trees after females responded to 
their approaches with nose-up postures and squealing. 

2) Perineal sniffing. Captive and free adult males were occasionally seen snifiShg 
at the perineal region of females during the mating period. Also, the subadult 
males in Band 1 sniffed at the perineal region of Fll. Once an adult male and an 
adult female sniffed at each other, and once a juvenile sniffed at an adult male while 
he was sniffing at a female during a group grooming session. Most of the sniffing 
occurred during mutual grooming sessions; twice males sniffed at females just after 
copulating with them, and once a male sniffed at a female that approached him and 
stood tail-to. In each case the coatis either continued grooming or separated after 
such sniffing. None of the copulations I observed were preceded by perineal 
sniffing. 

Perineal sniffing was also observed in two encounters between an adult female 
and adult males just after Band 4’s new young left their nests. F44 approached 
MSf, he sniffed at her, and there were no signs of hostility. The next day F44 
approached another adult male, they sniffed at each other, and again there was no 
overt hostility. 


MUTUAL GROOMING 

All coatis engage in mutual grooming throughout their lives, but the details of 
procedure, frequency, and partners vary with age, sex, and stage of the annual 
sexual cycle (see table 5). Typically, two coatis quietly sit head-to-tail and begin 
biting rapidly and gently at each other’s back with their incisors (pi. 10). Both 
progress anteriorly and occasionally end by grooming one another’s heads, each 
sometimes using its forepaws to hold and manipulate the other’s head. In most in¬ 
stances, however, grooming is confined to the partner’s back and no use is made of 
the forepaws. Mutual grooming is always done with the teeth and never includes 
scratching the partner with the forepaws. It may occur anywhere on or above the 
ground, but coatis seem to prefer such elevated locations as trees, fallen logs, and 
tangles of lianas. Patches of sunlight are also chosen more often tbAn would be 
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likely by random choice. Blowdowns combine both features, and are frequently the 
sites of extended periods of grooming and sunning. 

The usual pattern is varied when adult females groom their young. The juveniles 
tend to sit or lie in front of the female, for the most part either squirming around 
or resting passively, often with their eyes half-closed. The female often uses her 
forepaws to hold the young coati still and to manipulate it so that she can get to all 

TABLES 
Mutual Grooming 

(Boldface type indicates the group groomed with most often and for the longest time.) 


Age and sex groups groomed with 


Age and sex group 

Nonbreeding 

season 

Mating 

period* 

Period of late 
pregnancy 

Juveniles. 

Mother 

Rest of band 

Mother 

Rest of band 

Adult male 

Nonbreeders in 
band 


Subadults. 

Adult females 

Subadulta 

Juveniles 

Adult females 

Subadults 

Juveniles 

Adult males 

Nonbreeders in 
band 


Adult females. 

Own young 

Other young 

Other adult females 
Subadults 

Adult males** 

Own young 

Adult male 

Rest of band 




Adult males. 

Adult females** 

Rest of band** 

Adult females 

Rest of band 





> All mutual grooming increased greatly in the mating period, 
b Bare; mostly near the start of the breeding season. 


parts of its body. A really thorough grooming of one juvenile takes from four to 
six minutes—^mueh longer than most periods of mutual grooming between two 
adults or subadults. Chittering (page 121) as well as juvenile head-jerking and 
inhibited biting (page 122) are used by juveniles to solicit grooming, successfully 
in about three-fourths of the eases that I observed. 

When adult males groom with adult females they tend to hold each other’s heads 
in their forepaws, licking and grooming them, more than is common among mem¬ 
bers of a band. Adult males, like juveniles, frequently lie passively while the female 
grooms them. Sometimes an adult female approaches an adult male (or vice versa) 
and sniffs at various parts of his body, prods him with her snout, licks his face, and 
places her forepaws on his head or back. She may then groom him (especially if he 
assumes the head-down position), or they may groom each other; but sometimes the 
other coati responds with a squeal and a thrust of the up-tumed nose, or else walks 
away. 
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Often other members of a band, especially juveniles, join two eoatis that are 
grooming each other. In the resulting group grooming sessions, the usual pattern 
breaks down and each participant grooms whatever part of the nearest coati is most 
accessible. The different members of a band generally move into and out of such 
sessions freely, and the composition of the group at the end of a session may be 
entirely different from that at the beginning. Some group grooming sessions last up 
to an hour, with the various members wandering in and out between periods of 
dozing, self-grooming, and, among the juveniles, wrestling. 

In the breeding season, chuckling was heard during about 40 per cent of the 
grooming sessions between band members and between adult males and females. 
This and the soft chittering and squeaks made by juveniles are the only sounds 
made by grooming eoatis. 

The open wounds of band members are licked frequently by other band members 
during grooming sessions. This keeps them clean and no doubt contributes to the 
eoatis’ remarkable powers of recovery from wounds. 

MOUNTING 

In the 1960 mating period adult males were seen mounting adult females seven 
times. None of these acts lasted more than three seconds, and I do not know if any 
of them were successful. MSf was seen mounting F41, P42, and P43; all three, plus 
P44, became pregnant. I am certain that some, if not most, copulation occurs at 
night. Throughout the mating period the males commonly sleep in the same trees 
with the bands, or in adjacent trees. Violent chases, squealing, grunting, and 
chuckling were heard frequently at night from roost trees near the laboratory 
clearing during the 1959 mating period, and at such times adult males and members 
of bands were often seen together. MSf frequently slept with Band 4 during the 
1960 mating period; movement, chuckling, and grunting were usually heard after 
they had ascended in the evening and before they descended in the morning. 

MSf mounted both P41 and F43 during a session of mutual grooming and 
chucklmg. None of the other mountings however were preceded by mutual inter¬ 
action. In these, the male walked over to the female and mounted, holding her 
shoulder between his jaws and grasping her sides between his forepaws. Twice the 
male began grunting rapidly before mounting, and continued grunting and 
chuckling xmtil the female twisted free. The other four times the female was pas¬ 
sive, and both she and the male were quiet. MSf also twice mounted juveniles in 
Band 4, grunting rapidly as they came near him and then seizing them in his fore¬ 
paws. On both occasions the juvenile struggled and squeaked and an adult female 
lunged at MSf, nose-up, causing him to release the juvenile. 

Mounting by juvenile and subadult males was observed on many occasions, 
especially during the breeding season, 

INHIBITED FIGHTING 

Inhibited fighting is common among juveniles and subadults, especially in the 
breeding season. It is apparently a developmental stage and is described under 
‘‘Further development of behavior” on page 159. 

Adult males and females typically engage in some of the elements of inhibited 
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fighting during the mating period, and this activity, like mutual grooming, seems 
to play a significant part in their relationship. It includes batting at the partner's 
head with the forepaws, inhibited biting at the partner’s head, and mutual sparring 
with the head (mouth open) without using the paws. Sometimes these actions are 
included in periods of mutual grooming and sometimes not, but rarely do sparring 
matches between adults last more then three to five seconds. One of the partners 
(usually the female) may end a sparring match with squeals and a thrust of the 
up-tumcd snout, but usually both participants separate with no signs of serious 
overt hostility. On one occasion an adult male and an adult female “bit” at each 
other’s faces just after copulating, but this was the only time any of these actions 
were directly associated with an observed copulation. 

FIGHTING 

Actual physical contact is relatively rare in disputes between coatis. Most of the 
fights are between solitary males, and between solitary males and members of 
bands. Intraband fighting is less common and occurs chiefly in disputes over food. 

The mildest offensive actions consist merely of a quick flip of a paw or thrust of 
the head toward the intruder, with little or no squealing. Such mild action is 
especially characteristic of band members in dealing with juveniles, and of adult 
females in dealing with the adult males who accompany the bands in the mating 
period. Most disputes of higher intensity are restricted to nose-up squealing, 
jockeying for position, and impressive charges that seldom make contact. When an 
attack is launched in earnest, there are often no prelunmaries. The attacked animal 
may retreat, sparring with the forepaws in an effort to ward off the attacker, or it 
may try to escape by running or (rarely) climbing a tree. Occasionally two coatis 
vrill both hold their ground and fight it out, but most fights occur after an attacker 
has overtaken or cornered his fleeing opponent. If possible the attacker pulls down 
his adversary from the side or from behind, clasping his forepaws around the 
victim’s back and biting at the back, head, and neck. Or a similar hold may be 
secured from the ventral side. Several times these holds were maintained for some 
seconds while the attacked coati dragged its assailant up to ten yards. The two (or 
more, if a band is involved) roll over, biting, clawing, snarling, and squealing, until 
one manages to twist clear of the melee and run off. Most of these bouts last only a 
few seconds, and the “winner” is usually the one who launched the attack. In most 
fights neither animal is injured, although adult males do quite a bit of damage to 
each other in the breeding season. The most common wounds are ripped flanks, tom 
lips and ears, and injured eyes. 

When one or more members of a band are involved in a fight, other members of 
the band usually join in. The result is either a free-for-all, or a chain reaction fight 
in which each attacker is in turn attacked by another coati, while the previously 
attacked coatis leave the fight. In either kind of fight the final combatants are often 
not the same ones who started it. 

nSTTERPBETATION OF PATTERNS 

The description of social behavior patterns is an admittedly artificial device for 
defining terms and presenting data objectively. In reality, of course, each en- 
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counter involves a combination of these patterns, and the combinations are fairly 
consistent in similar situations. (Differences in combinations are presumably due 
to different degrees of intensity of motivation and to the interactions among con¬ 
flicting drives.) In order to understand and discuss the specific relations between 
coatis, the data must be reduced to valid generalizations about the significance of 
certain well-marked and frequently repeated combinations of behavior patterns. 
This unavoidably involves a certain amount of subjective interpretation, and 
statements about the motivation behind almost any act are open to question; but 
the practical function served by an act is shown by the response that other animals 
make to it, and these can be observed. 

Juveniles chitter in a wide variety of situations, apparently as a rather im- 
specific expression of distress. Whining is probably a low intensity expression of 
the same thing. In older coatis also, ehittering seems to indicate distress, but it is 
restricted to fewer situations. In coatis of all ages, ehittering functions as a ^Tost 
call.” Coatis that are accidentally separated from their band react by ehittering 
and are aided in rejoining the band by two general responses other coatis make to 
distant ehittering: they increase the volume and rapidity of their grunting, and 
if the ehittering is prolonged they move toward it. Subadults and juveniles 
typically chitter in hostile situations, and high intensity ehittering grades into 
unbroken squealing. With adults, ehittering in hostile situations is largely replaced 
by squealing, growling, and snarling. 

The nose-up posture is a hostile display indicating predominance of the attack 
drive. Inhibited biting and sparring probably indicate a low intensity attack drive 
iateracting with the mutual attraction of the sex drive. Very strong redirected 
biting was observed on one occasion: a captive adult male bit viciously at the 
branch he was sitting on when I backed him into a comer. The head-down posture 
is the physical opposite of the nose-up (hiding the weapons instead of displaying 
them), and seems to indicate a subordination of the attack drive in hostile situa¬ 
tions. If this is true, the rapid alteration of nose-up, and head-down postures by 
both opponents in a hostile encounter indicates alternate dominance of closely 
balanced attack and escape drives. The head-down posture may function as an 
“appeasement” display by indicating a tendency not to attack, thus lessening the 
attack drive of the opponent. This would be very difficult to prove, however, be¬ 
cause of the rapidity of the shift from nose-up to head-down postures. The problem 
is further complicated by occasional instances of coatis^ attacking from a head-down 
posture. Yawning probably also indicates a tendency not to attack. In the breed¬ 
ing season chop-chop sounds are also made in hostile situations, sometimes accom¬ 
panying the head-down posture. They are most typical of encounters which do not 
produce actual fights. The chop-chop seems to be a sort of “ritualized biting,” 
indicating a conflict between strong attack and escape drives, with the latter 
slightly stronger. 

Urine-rubbing is a specialized type of hostile behavior restricted to adult males 
in the breeding season, and probably indicates interaction between a high inten¬ 
sity attack drive, a slightly lower intendty escape drive, and the sex drive. Since 
urine-rubbing is used to produce a persistent olfactory signal, it is usually per¬ 
formed in the absence of other males and no other behavior patterns are associated 



Kaufmann: Ecology and Social Behavior of the Coati 135 

with it. However, an adult male in a faee-to-face encounter with another male, or 
even a female, sometimes rubs urine in association with chop-chop sounds and 
weak attack behavior. 

Grunting is common in many situations, and although the motivation behind it 
is sometimes obscure, it has several apparent functions. The low intensity grunting 
T\T>ical of undisturbed bands as they feed and travel, as w^ell as the slight increase 
in grunting in response to “lost'" cluttering, seems to aid the band members in 
maintaining contact with each other. (The intermittently erect tails may also serve 
this function.) Grunting in all other situations, including slight increases in the 
usual low intensity grunting, seems to be a clear indication of alarm. This is 
implied both by the situations which evoke it and the responses shovm by other 
coatis. The bark—a single explosive grunt—^is clearly a high intensity alarm signal. 
The occasional combination of grunting with attack behavior in hostile encounters 
and its frequent inclusion in sexual encounters demonstrate the conflicting drives 
which may operate at the same time in one individual. 

Tail-switching is apparently an alarm signal, and may also indicate aggressive¬ 
ness, for it is used in alarm situations only when the cause of alarm is kno'vvm and 
in view. Since alarmed coatis often either jerk their tails up or lower them if they 
have been erect, it may be that any sudden movement of the tail serves as an alarm 
indicator. (The normal alternate raising and lowering of the tail is much slower.) 

Perineal sniffing may be important in determining when the females are in 
heat: almost all of the cases I observed involved males sniffing females in the 
mating period. Although it may also function in individual recognition, it is not 
much in evidence the rest of the year. 

Mutual grooming is a positive social force throughout the year. Although it is 
confined almost entirely to members of a single band in the nonbreeding season, it 
is an important part of the mating activity. Chuckling is fairly consistently associ¬ 
ated with grooming, and seems to function as an inducement to grooming, or at 
least as an inhibition to aggressive behavior. Its occasional use in hostile situations 
among band members outside of the breeding season supports this conclusion. Its 
chief function is probably in reducing hostility between adult males and females 
during the mating period. The tail-to position may also be an “invitation” to 
grooming and/or a form of “appeasement” display. Grooming and ehuclding are 
especially important in the breeding season, because all of the mutual activities 
engaged in by adult males and females at this time, including mutual grooming 
and copulation, include patterns indicating low level hostility (e.g., inhibited 
biting, sparring). 

The Nonbeeeding Season 

Prom about July until January the relations between coatis on Barro Colorado are 
relatively unchanging. The members of bands travel and sleep together, frequently 
engaging in sessions of mutual grooming or in disputes over food. The young-of- 
the-year, now^ able to run and climb well and to find aU of their own food, fit easily 
into the daily routine of the band. There are occasional more or less hostile en¬ 
counters with other bands and with solitary adult males, and these males also 
have occasional hostile encounters with each other. 



136 


University of California Publications in Zoology 


RELATIONS BETWEEN BANDS 

The observed reactions of different bands to each other were the same throughout 
the year, and the statements made here are based on data collected in both the 
breeding and nonbreeding seasons. Twenty daytime encounters were observed, 
and some degree of hostility was evident in all but four. Of these four, two involved 
small remnants of the same bands, and may have represented the initial stages of 
formation of a new band. However, the hostility between bands was usually very 
minor, and physical contact occurred only on two occasions when I provoked fights 
by throwing food between the members of Bands 1 and 3. 

Some of the encounters occurred at fruit trees. In others, when the paths of two 
bands crossed during their daily travels, one or both of the bands often altered 
course slightly in order to approach the other. This was not because they were at¬ 
tracted to me, because it occurred in encounters of my tame bands with bands that 
were not yet aware of my presence, and/or that had never seen me before and were 
therefore more likely to avoid me out of fear. As the bands approached each other, 
they slightly increased the volume and rapidity of their grunting. Then there was 
usually some show of hostility: a few members of one or both bands would turn up 
their noses and squeal or chitter briefly at the other band and occasionally make 
short rushes, without contact. Sometimes they assumed the head-down position 
briefly. Juveniles several times attacked subadults from other bands, and each time 
the subadults retreated hurriedly. If there was any hesitation in the retreat the 
juveniles were always backed up by their mothers. After the initial hostilities the 
two bands usually went their separate ways, or else mixed briefly with little or no 
further hostile behavior. When two or more bands were feeding together m or 
beneath a fruit tree there was seldom more than occasional brief chittering to 
indicate hostility. Mutual grooming between members of diBEerent bands was 
observed only once. Bands 1 and 3 met on October 24, and F32 was seen grooming 
with two subadults from Band 1, at least one of which made chuckling noises. 
Several times members of two or more different bands slept in the same roost tree 
near the laboratory clearing on the same night, but whether or not they slept in 
the same part of the tree is not known. 

Encounters between bands which occurred in the core area of one of them pro¬ 
duced no more hostility than encounters in overlapping margmal areas of the home 
ranges. 

On March 14,1959, the survivors of Band 3 (F34, f35, M31) were seen traveling 
with two other subadults and one juvenile as though they were all members of the 
same band. My approach made the three strangers uneasy, and they soon walked 
off out of sight. The Band 3 group remained mtact until April 11, when again I 
saw P34 and M31 traveling with two subadults and a juvenile. This time F34 and 
M31 came to me briefly, but they soon hurried off to catch up with the others. This 
was my last contact with any of Band 3, and I do not know if the new grouping 
was permanent. No other evidence was seen indicating any exchange of members 
between bands. 

RELATIONS WITHIN BANDS 

For the most part adults and subadults in the same band live amicably together 
with occasional mutual grooming sessions and brief disputes over food. In the few 
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hostile encounters I observed, adult females were usually dominant over subadult 
males and females, but sometimes two subadults joined forces to attack a female 
that was aggressive toward one of them. 

The closest relationship within a band is that between an adult female and her 
young; the next closest is that between an adult female and the young of other 
females. Juveniles may be anywhere within the scattered group w'hen the band is 
feeding or traveling normally, but when it is traveling faster after being alarmed, 
or to seek cover from rain, or to reach a roost tree after dark, the juveniles tend to 
stay close to their mothers. Whenever their young become involved in noisy dis¬ 
putes with solitary males, coatis in other bands, or coatis in the same band (includ¬ 
ing other juveniles), females are almost always quick to take the offensive. Only 
once did I see a female ignore such a dispute; it was between two juveniles and 
two subadults in the same band. The only coatis that I ever saw stand up to the 
squealing, nose-up interference of a mother coming to the defense of her young 
were other juveniles. Occasionally one of them would stand its ground and squeal 
back, or even attack the female and bite her. On such occasions the female backed 
off without retaliation. When no disputes were in progress, however, any female 
would casually shove a juvenile aside with a forepaw when it got in the way. 

When their mother is temporarily absent from the band, juveniles are more or 
less taken care of by other members of the band. Adult females come to their aid 
when they chitter or squeal and groom them occasionally, though not so readily as 
they do their own young. Subadults also groom juveniles at times when their 
mother is not present. After F32 died, her young were frequently separated from 
the band, and both were permanently lost or dead within a month. About that same 
time, however, F31 also died, and her young remained with F34, a subadult. In the 
absence of any adult females, F34 and M31 at least partially took over the role of 
‘^mother,” responding to the *Tost calls” of the young and grooming them more 
than is usual for subadults. The juveniles retained their dominance over these 
subadults even though their mother was no longer around to back them up in 
disputes. 

Juveniles are quite belligerent—chittering, squealing, and attacking other coatis 
that come near while they are being groomed or are eating, or often for no apparent 
reason. Only other juveniles seem inclined to resist them with any determination. 
This social dominance results, presumably, from the very real fear other coatis 
have of the obstreperous juvenile's mother. Sibling juveniles are less belligerent 
toward each other and their mothers than toward other members of the band. 
Siblings stay together much of the time, and although they engage in bouts of 
wrestling and sparring they seldom have serious disputes. AH of the juveniles in a 
band tend to act together in a socially positive manner, but disputes marked by 
tumed-up noses, squealing, and biting in earnest are more common between the 
young of different females than among siblings. 

Grooming .—^Mutual grooming is a characteristic band activity and undoubtedly 
an important factor in keeping the band together. Group grooming sessions are 
most common between adult females and their young, next most common among 
mixed age and sex groups in the band, and apparently least frequent between 
coatis in the same age group. When their mothers are temporarily absent, juveniles 
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are groomed bj other adult females and by subadults more often than when their 
mothers are present. 

The actual number of grooming sessions varies considerably from band to band. 
Band 3 did more grooming than any of the others I followed. The adult females 
groomed their young almost everj^ day, sometimes as often as four times in one 
day. There uere one or two group grooming sessions on many days, but sessions 
involving all other combinations were much less common. 

Cooperation and competition. —In discussions of animal societies—^from insects 
to primates—emphasis is usually placed on the cooperation among the various 
members of the social group. I found little evidence of this in the coati bands, how¬ 
ever, except for mutual grooming sessions. There is minor cooperation in roost 
tree nest-building and in caring for the new young after the band reunites. But 
the nests in which the young are born are built by each female independently, and 
each female primarily takes care of her own litter even after the band reunites. 
The alarm grunts ser\"e as warnings to nearby coatis, just as do the alarm calls of 
agoutis and other species, and when one member becomes involved in a dispute 
with a solitary male, other members of the band usually join in against the in¬ 
truder. However, they are just as likely to join in fights against each other when 
there is no common enemy, and wrangles over food sometimes develop into chain- 
reaction fights and free-for-alls. 

There is certainly no intentional cooperation in obtaining food. When such prey 
as a lizard or mouse is scared up, all who see it join in the chase. An animal fleeing 
from one coati may be caught by another, but such ^^cooperation’’ is purely acci¬ 
dental. The coati that gets the prize defends it 'vigorously against all other coatis 
in the band, even a female against her own young. The others, attracted by the 
sounds of eating and by the chittering and squealing of those already disputing 
over the food, hurry to the scene and try to take the food from its owner, while 
the latter tries to keep the rest at bay with nose-up squealing and short rushes, not 
daring to leave the food undefended long enough for an extensive sortie. Often 
the owner retreats with the food to gain enough time to eat it, but the others usually 
follow and snatch what they can. This is particularly rewarding when the prey is 
partly eaten and various parts are lying around loose. The wrangling continues 
until everything is eaten. Only once did I see an adult female voluntarily allow 
one of her yoimg to help eat a land crab, and that was after she had eaten most of 
it herself. A coati engaged in digging a lizard or tarantula from a burrow is usually 
hostile to all that approach, interrupting the digging long enough for a quick 
squeal and a thrust of the up-tumed snout. Rarely two or more w^ork on the same 
excavation, but unless the prey is quickly uncovered all but the most persistent 
digger are likely to leave. 

Leadership and organization. —^There is no consistent evidence of leadership 
within coati bands, nor of any organization beyond the general tendency of juve¬ 
niles to stay with their mothers. There is no fixed dominance hierarchy. Some 
members are more aggressive than others in intraband disputes, but no member 
is immune to attack and defeat by any of the other members except, of course, the 
juveniles, whose high position depends upon support from their mothers. Even 
their mothers enjoy no such immunity in their own disputes. By artificial feeding, 
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I could induce in a band a Merareby based primarily on their reaction to me: the 
tamest coatis were do min ant over those that were more afraid of me. But with one 
exception, involving a mother and a six-week-old infant (page 158), I never saw 
any coati, regardless of age or sex, surrender disputed food which was already in 
its possession to another coati. 

There is no obvious leader in the band’s daily wandering. When a scattered band 
is feeding through the forest, the members may be in any sirrangement, and the 
arrangement is constantly changing. Juveniles are seldom in the vanguard, but 
any of the adults or subadults may be. The adult females are frequently toward 
the rear while the subadults range on ahead or out to the sides. When any part of 
a band changes direction, the rest may follow, or they may continue in the original 
direction, leaving the others to catch up. My data do not show that any individuals 
or groups (e.g., adult females) habitually exerted even a passive leadership by 
choosing their own route and leaving it up to the other members of the band to 
maintain contact. Although any individual or subgroup might leave the band with 
complete unconcern, any individual or subgroup might on other occasions become 
disturbed and make an effort to catch up, or turn back to find the others. In gen¬ 
eral, the fewer coatis in a subgroup, the more likely it was that they would seek to 
rejoin the rest of the band. 

The choice of roost trees at night was not consistently made by any one member 
of a band; any adult female or subadult might be the first to ascend at night, or 
the first to descend in the morning. 

Leadership, if it exists, should show itself in times of crisis, but although adult 
females are definitely the chief defenders of their young, I could not demonstrate 
any such relationship between them and other membei's of the band. They do not 
place themselves between a presumed source of danger (e.g., a human) and the 
rest of the band; neither do the other band members gather around them when 
danger threatens. There are no “sentinels” posted while the band feeds or rests. 
Adult females with young are more responsive than are other band members to 
“lost calls” and make more low iutensity grunts while the band is feeding or travel¬ 
ing, but these are presumably part of their immediate role of mother, and probably 
also function in helping the rest of the band to maintain contact. 

In the absence of altruism or cooperation, “leadership” could only be expressed 
in a general tendency of the band to follow the lead of a particular individual. 
Whenever there is a difference of opinion within the band in the course of their 
daily activities, any of three things may happen, based on the relative strengths 
at that particular time of each member’s independent motivation and gregarious 
tendency: 

1) If the conflLicting independent motivations of the dissenters are not stronger 
t.hnn their gregarious tendencies, the “majority opinion” prevails. 

2) If the independent motivation of at least one dissenter is stronger at that 
particular time than its gregarious tendency, and the gregarious tendency is 
stronger in the rest of the band, the “minority opinion” prevails. 

3) If the noTifliftting independent motivations of two or more individuals are 
stronger thaTi their gregarious tendencies, the band separates into subgroups. 

There may, of course, be complications—^for example, the tendency of juveniles 
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always to follow their mother’s lead. This, in effect, gives the females with young 
more influence in the flrst situation. But true “leadership” would require the con¬ 
sistent success of one individual or small group in influencing the action of the 
band through the mechanism described in the second. No one indmdual or group 
consistently displayed such strong independent motivation. In the absence of fur¬ 
ther e'vddence we must conclude that coati bands are only loose assemblages of gre¬ 
garious animals, usually closely related to each other, and each acting largely in 
its own interest. 


RELATIONS BETWEEN SOLITARY MALES 

Mutual hostility was characteristic of all the encounters I observed between soli¬ 
tary adult males; about thirty-five of these occurred in the nonbreeding season and 
twenty in the breeding season. They are often much more complex than the hostile 
encounters between adult males and bands, or those within bands. One may in¬ 
clude all of the following procedures, though usually some are lacking. Two adult 
males approach each other, usually near a good food source, and may be as little as 
ten feet apart before they apparently become aware of one another’s presence. Then 
both “freeze” briefly and stand or sit silently, watching each other. They may 
assume the head-down posture, yawn, and/or look away, but each remains alert 
to any move from the other. At this point one may begin nose-up squealing, and 
the other may do likewise or continue silent, head down. Then one starts walking 
very slowly toward the other or circles around him. He may pause after each slow 
step, looking down or off to one side, or snifiSng in the litter as if feeding. The second 
coati may begin circling, too, but usually he starts slowly backing away. Even so 
the distance between them continues to narrow. Both are silent, and all movements 
are made with exaggerated slowness. Then the advancing male may quicken his 
walk and charge, or else charge from a standing position with no advance sign. He 
may remain silent, or begin snarling and squealing. The “attacked” coati usually 
backs off hurriedly and may go into a nose-up posture. If he holds his ground the 
charge usually stops short of contact. The two may then face each other, alternat¬ 
ing nose-up squealing with head-down postures, looking away, and yawning. Even 
if the charging coati reaches his opponent he may go on by if the latter sidesteps, 
or even swerve aside himself, presenting his shoulder as he lumbers by. The en¬ 
counter may then revert to more nose-up squealing, growling, and both coatis may 
begin a series of short rushes and retreats. The coati being forced back may retreat 
in a squatting position with a series of short backward jumps in which aU four 
feet may leave the ground. If the “attacked” coati does not show any sign of re¬ 
treating, the other may go on the defensive, back off, and even run away without 
being chased. Many encounters end when one coati walks off after a short period 
of squealing. However, if the coati that is charged turns his back and runs, a heavy- 
footed chase ensues. About a third of the encounters I observed during the non- 
breeding season included chases. The chase may end the encounter, or a fight may 
foUow if the pursued is overhauled; however, none of the encounters in the non¬ 
breeding season resulted in fights except when I interfered by throwing food 
between two hostile males. On the other hand, the pursued may stop, make a stand, 
and then take the offensive. Back they go in the direction from which they came, 
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with the roles of pursuer and pursued reversed. This may occur several times, with 
the direction of the chase changing each time the roles are reversed. 

Most of the encounters are less complex than the one I have described, and many 
consist merely of some nose-up squealing, especially when the males are familiar 
with each other from frequent contact around favorite fruit trees or in the labora¬ 
tory clearing. There the three or four most regular visitors developed a fairly well- 
defined dominance hierarchy. Disputes were brief and the winners could easily 
be predicted. New males were always subordinate to the regular habitues, but 
among the latter the dominance relationships changed from time to time. Around 
food stations, too, the most regular visitors were almost always dominant over 
newcomers. 

On October 3,1959, MSa and another adult male had what started as a typical 
encounter, with some initial slow circling followed by short rushes, squeals, and 
nose-up postures. Then, however, both proceeded to rub urine on logs and trees, 
and MSa made chuckling sounds. This encounter, as well as the two between MSa 
and F32 a few days earlier (see page 142), apparently indicated a brief peak of 
low level sexual activity. 

RELATIONS BETWEEN MALES AND BANDS 

Of the 63 encounters observed between adult males and bands in the nonbreeding 
season, about 55 were marked by active hostile behavior, 10 of these by actual fights. 
Five times the male retreated voluntarily before the band came close, and 3 times 
adult males and bands fed near each other with no signs of hostility. In over 80 
per cent of the hostile encoxmters, the members of the band were clearly the ag¬ 
gressors. In 5 of the 6 encounters in which the adult male was the aggressor, his 
opponent was a single coati (usually an immature male) separated from its band. 
In 3 other encounters between adult males and single members of bands, both 
coatis were equally aggressive. Most of the encounters occurred at food stations 
or trees in fruit, but occasionally males approached bands for no apparent reason 
other than a gregarious tendency. 

When a band approaches, an adult male may leave the scene entirely, or else 
retreat a short distance and loiter on the edge of the group. If he approaches to 
feed, it is usually slowly and often indirectly. When he gets close some of the band 
members usually rush at him, nose-up and squealing. Adult females are usually 
the most aggressive, but they are immediately joined in the attack by the subadults 
and young. The male may be pulled down by the group in a squealing, biting brawl, 
and then driven off. Usually, however, the band members chase him only a few 
yards, break off the attack short of contact, and return to the food. The male re¬ 
mains nearby, and often tries to approach again. He may be chased repeatedly, 
but frequently he is more or less tolerated after a while and only occasional short 
rushes and nose-up squealing are directed at him. If the male takes a stand against 
the band, he and the band members may stand or sit silently, heads down, or alter¬ 
nate this with nose-up squealing. The usual outcome of such stalemates is an un¬ 
hurried retreat by the male. After repeated contact with a band at a food station 
or fruit tree, the males often became bolder and less easily chased off. They then 
fed near the band with little interference. One such male even joined in a free-for- 
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all among the band members, but they immediately joined forces to drive him off. 

A male almost always retreats before the attack of an adult female, even when 
she attacks alone. "When the rest of the band is present, subadults are usually able 
to force a male to retreat. However, he makes a stand before going far, and often 
takes the initiative from them if only one or two subadults are facing him and no 
adult female joins in the eneoimter. He never presses his advantage, but he is able 
to keep his harassers at bay. The subadults, too, usually fail to press their collective 
advantage. Two or more frequently join to drive a male back, but often aU but one 
will turn away and leave the one to face the male alone. One srubadult female that 
suddenly found herself alone facing an unintimidated male immediately lowered 
her head and began sniffing in the litter as though searching for food, but appar¬ 
ently ate nothing and retreated a few seconds later. When an adult male meets a 
subadult away from the rest of the band, he usually is the aggressor and chases the 
other off a short distance, but he seldom presses the attack. 

A juvenile coati with a band advances on an adult male fearlessly—nose up and 
chittering. The male always retreats, and with good reason. If he turns and runs 
nothing further is likely to happen. But if he only backs off slowly, and the juvenile 
continues to chitter, its mother rushes to attack. Twice when I was with juveniles 
that were separated from the band, however, they reacted to the approach of an 
adult male by dashing up a nearby tree in evident alarm. Both times the males 
ignored the young coatis completely. I also saw an encounter between two juvenile 
females, a subadult female, and an adult male. Both juveniles stood their ground, 
squealing at him, but the subadtdt was much less aggressive and faced him only 
intermittently. The male did not attack either of the juveniles, but he did charge 
the subadult once and knock her down. 

On September 26,1958, ilSa joined F32 in an excited session of mutual groom¬ 
ing during which the male chuckled. He also lay still while she groomed him, and 
each licked the other’s face. The next day the same two coatis again joined in a 
session of mutual grooming, but they were joined by several juveniles and sub¬ 
adults and the ensuing scuffle ended with F32 leading an attack on MSa. On two 
other occasions in the nonbreeding season adult males were seen grooming with 
band members with which they had had repeated contact, but these were in 
December and probably indicated the onset of the true breeding season. 

In two other incidents, behavior resembling that of the ma tiTig period may have 
mdicated an active sex drive in the adult males after the end of the breeding 
season. In July, 1958, and in June, 1959, adult males were seen aggressively pur¬ 
suing bands. One of these males was repulsed by the combined stand of several 
squealing band members, but the other pursued the band through the tree tops 
until he caught up with them and was driven off in a fight. This behavior was very 
similar to that seen in the mating period in 1960 when apparently unmated TT>«lpa 
tried to approach unreceptive bands. 

The BKEEDma Season 

The coatis on Barro Colorado have a single annual breeding season which coincides 
roughly with the dry season. The mating period in 1959 was poorly defined and, 
on the whole, not very successful. None of the females I was following bore young. 
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but other females in advanced pregnancy were seen on the island as late as May 
20, and a female with new young at least five weeks old was seen along a trail on 
June 13. Juveniles were scarce on the island the following year. The 1960 mating 
period, in contrast, was sharply defined and more successful, and all of the adult 
females in Bands 4 and 6 gave birth to young within a period of a few days in early 
April 

The behavior associated with the birth and early care of the young has a pro¬ 
found effect on the organization and activity of the entire band, and the typical 
relations and routines of the nonbreeding season are not fully reestablished for two 
or thi*ee months after the young are bom. 

THE M4TING PERIOD 

The mating period, which lasts about a month, is characterized by distinctive 
changes in the behavior of adult males and the members of bands, and in their 
relations with each other. In general, hostility between adult males increases, but 
decreases between adult males and the members of bands. This is accompanied by 
an increase in mutual grooming and by the appearance of copulatory behavior in 
males of all ages. The diagnostic features of the mating period are the actual asso¬ 
ciation of the adult males with the bands and sexual actmty. Other behavioral pe¬ 
culiarities of the mating period persist for several months, however. 

The dry season of 1959 actually began in mid-December, 1958, and lasted 
through April The most conspicuous mating activity was observed from late 
January to mid-March. But there were probably preliminary indications of the 
approach of the mating period as early as December 6, when I saw mutual groom¬ 
ing between MSc and P13 in which they nuzzled, chuckled, and held each other’s 
heads in the forepaws. Except for a few such grooming sessions, no further signs 
were seen until late January. The principal activity of the 1960 mating period 
began at the start of the dry season in early January and continued for just one 
month. There were again some advance signs of sexual activity in early December, 
1959, when the juvenile males in Band 5 began mounting each other. 

The mating periods in 1935, 1936, and 1937, as indicated by the absence of a 
semitame adult male from the laboratory clearing, where January 29 to February 
11, January 27 to February 10, and January 26 to February 18, respectively 
(Chapman, 1938). Bach time the male returned he was wounded. 

Relations within hands .—^In both the 1959 and 1960 mating periods there were 
significant changes in the mutual behavior of the members of the bands. Mutual 
grooming between all age and sex groups greatly increased, and was often accom¬ 
panied by chuckling. F41 increased her grooming sessions with her young to an 
average of two per day, and in Band 1 mutual grooming between pairs of sub¬ 
adult males was observed for the first time. Grooming in Band 1 increased most 
between the subadult males and adult females. These sessions were frequently more 
frenzied than those between coatis of the same sex, and included frequent chuck¬ 
ling, inhibited biting, and clasping of the partner’s head in the forepaws 

Five of the sixteen grooming sessions I observed between subadult males and 
adult females in Band 1 ended in attempts at mounting. Mounting was also at¬ 
tempted with no preliminaries on several occasions. Although there might be a 
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few seconds of wrestling, the females usually managed to elude the grasp of the 
males without difficulty, and often even mounting was not accomplished. Rarely 
was there any open hostility, and sometimes the females remained passive while 
the males mounted them. Some of these mountings lasted considerably longer than 
the three second maximum observed in mountings between adult males and 
females. 

The subadult males also frequently mounted each other, but the mounted males 
were seldom passive. At times three males were involved in a tandem arrangement. 
Even fl9, the only juvenile in Band 1 at that time, was not immune from the 
copulation attempts of the subadult males. And although I never saw M31 try to 
mount F34, he did try several times to mount f 35. The juveniles alwa:^’s cluttered 
and struggled free when a male seized them. Mounting by the juvenile males in 
Band 5 has already been mentioned, and in the course of the mating period m41 
frequently mounted his sisters. His attempts were clumsy, and sometimes he simply 
mounted and held on for a few seconds with no pelvic movements. 

Another aetmty characteristic of the mating period was the frequent inhibited 
fighting among the subadult males and the juveniles of both sexes. In addition to 
the inhibited biting and sparring with the head and forepaws, which adult males 
and females also engaged in, the j’ounger animals chased each other through the 
litter and up and down trees and lianas, wrestled, and crouched and sprang at each 
other { pi. 11). This behavior was often associated with mounting by the males. But 
although juvenile females entered willingly into inhibited fighting and often ini¬ 
tiated it themselves, they always struggled free and ran off when a male tried to 
mount them. Juveniles sometimes tried to initiate this fighting with their mothers 
in the mating period and after, but the latter, like the adult males, were usually 
reluctant to join. 

The attempts at copulation by the subadult males in Band 1 ended early in April, 
but m41 continued to mount his sisters occasionally in periods of inhibited fight¬ 
ing. Inhibited fighting within the bands went on long after the mating period was 
over, although there was a sharp drop in this activity at the end of it. The sub- 
adult males and fl9 continued their fighting until I lost contact with Band 1 in 
May, and in June MSll and MS13 (newly solitary) went to each other and en¬ 
gaged in a brief bout of sparring and wrestling when they chanced to meet while 
feeding in a fruiting Cecropia tree. Inhibited fighting was also seen in June in 
another part of the island among four subadult males who had not yet left their 
band. The juveniles in Band 4 were still occasionally engaging in inhibited fighting 
and mounting when the study was ended in June, 1960. 

Selations between solitary males. —^In the nonbreeding season, only one-third 
of the encounters observed between adult males included chases and there were 
no spontaneous fights; in contrast, two-thirds of the encounters between adult 
males in the breeding season included chases, and there were a number of spon¬ 
taneous fights. The increased fighting between adult males in the breeding season 
is reflected in the number of head and body wounds noted at that time. Chapman 
(1938) graphically described the serious wounds inflicted on one old male at a 
time when the island's eoati population was apparently higher than in 1958-1960. 
In both years of my study this increased hostility between adult males began with 
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the onset of the true mating period and continued for about three months. Savage 
encounters were observed until the end of April in 1959, and until the end of 
March in 1960. 

In the encounters which resulted in fights, preliminaries were kept to a minimum 
and were often lacking entirely. One male simply charged another on sight, squeal¬ 
ing and snarling. If, as usually happened, the attacked coati ran off, he was pur¬ 
sued and the sounds of the fight could be heard in the distance. These chases were 
extremely fast and furious—^totally unlike the rather lumbering, half-hearted 
chases of the nonbreeding season—and always ended in violence. 

Most of the encounters I saw during the mating period were between MSf and 
other males that approached Band 4 while he was accompanying it. MSf was a 
powerfully built, heavy male at least three years old. Most of the intruders were 
more slender males in their third year. This was their first mating period since 
reaching maturity, and they apparently had no bands of their own. In every en¬ 
counter, MSf was dominant over the younger males, usually attacking them on 
sight and always driving them away from the band. For example, one third-year 
male attacked the females in Band 4 while MSf was absent. Presumably he wanted 
to copulate vnth one of the females, but his actions were extremely aggressive, and 
they tried to fight him off with squeals and snarls. He had one female treed and was 
driving her out on the end of a limb when a twig snapped somewhere out of sight 
on the ground. The attacking male and all of the females immediately fell silent, 
watching and listening. MSf walked into view; the younger male gave a few grants 
of alarm, immediately abandoned his attack, and fled through the treetops with 
MSf in furious pursuit. Both were silent for the most part, but there were brief 
flurries of nose-up squealing whenever MSf came close. Soon he cornered his 
quarry at the end of a slender, drooping branch 40 feet above ground, but seemed 
reluctant to attack him in such a precarious position. MSf spent several minutes 
trying to get at the younger male from adjacent trees, then finally started down 
the branch toward him. When he reached him there was a brief, squealing scufile, 
and the younger male plummeted to the ground. The long fall apparently did not 
hurt him, for he jumped up and ran off as MSf scrambled down the tree after him. 
Soon the sounds of further fighting could be heard in the distance. 

On several other occasions younger males broke off their attacks on females and 
retreated hastily when MSf started for them. Twice younger males that were 
quietly approaching the band while MSf was with it sniffed cautiously, and just as 
quietly turned and went back the way they had come, before he became aware of 
^em. On another occasion MSg had actually joined the band during MSf’s ab¬ 
sence. He was resting near them when he saw MSf approaching, and immediately 
got up and disappeared quietly in the opposite direction. MSf walked on past the 
band in the same direction, and five minutes later one heard loud squeals. Once MSf 
himself was seen to climb back down a tree after climbing part of the way up 
toward a different band; another large male had appeared in the tree near the band. 

Urine-rubbing is also a conspicuous activity of the adult males during and after 
the mating period. This action is performed throughout the day, sometimes several 
times an hour, both by the males with bands and by those without. Besides this 
apparently random marking, adult males also rub urine in some hostile encounters 
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■ffith. other males and even with adult females. In about one-third of the observed 
encounters, urine-rubbing was associated with chop-ehop sounds. In the encounters 
between males, both participants often rubbed urine. 

Rdations between males and bands.—Oi Band 3, only one subadult male, one 
adult female, and one juvenile female remained alive during the 1959 breeding 
season. They were not joined by an adult male, but their hostility to adult males 
did apparently decrease during the appropriate period: on February 17 they had 
a hostile encoimter with llSa which matched in intensity the similar encounters 
during the nonbreeding season, but on March 15 they went out of their way to 
approach another adult male and engaged in a brief session of sparring and mutual 
grooming with him. 

Bands 1 and 4 were each joined by an adult male during the mating period, but 
one male was better integrated into his band. Since the difference was correlated 
with the difference in success of the two mating periods, it is instructive to compare 
them. 

Nocturnal aetmty began in the trees near the laboratory clearing in late January, 
1959, and continued until early April. The sounds of violent movement, chittering, 
squeals, grunts, and chuckling were heard, and at such times a flashlight beam re¬ 
vealed eoatis chasing each other, fighting, and attempting copulation. MSd and 
Band 1 were seen frequently, as well as other adult males and bands I could not 
identify. It was clear that the disturbances were caused by adult males approaching 
and chasing the unreceptive band members. In one such encounter M12’s shoulder 
was slit open. This activity occurred at any hour from dusk until dawn, but was 
most common just after the bands retired for the night and just before dawn. 

Band 1 was followed off and on by MSd from February 25 until mid-March, 
1959. In this period he was with them for only a part of most days, and not at aU 
on some. Usually he stayed on the fringes of the band, rubbing urine on trees and 
logs, and approached closely only when the band rested in blowdowns, etc. He 
was mostly ignored except when he approached a member of the band and tried 
to groom, and then he was often met with a squeal and an up-turned nose. He 
retreated immediately each time, and at no time forced his presence on any of the 
band members. This was in marked contrast to his behavior at night. The subadult 
males were less hostile to him than were the females, and several times went to 
sniff at him or groom with him. Only once did I see him grooming with a female, 
and never did I see him mount a female. He once tried unsuccessfully to mount a 
subadult male. 

Band 4 was accompanied almost constantly by MSf from January 4 until Janu¬ 
ary 31,1960. He was with the band every day, and though he frequently went off 
for short periods he was seldom if ever far away. He rubbed urine frequently on 
logs, vines, and trees, and unlike MSd, who seldom approached Band 1, MSf mixed 
freely with Band 4. For the first few days most of his close advances were met with 
obvious, though mild, hostility. Even this ^ght hostility soon decreased, but it 
never faded completely. MSf’s attentions were actively repulsed from fimA to time, 
and latent hostility was evident in the inhibited biting and sparring that he en¬ 
gaged in with the adult females—even during sessions of mutual grooming. His 
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full subordination, to the females was evident throughout the entire period. A quick 
toss of the snout in his direction was often enough to make him abandon even an 
attempt at copulation, and almost never were more than a short lunge and a squeal 
required to make him retreat without protest. The only exceptions to this rule oc¬ 
curred in disputes over food. The entire band, including MSf, continued to com¬ 
pete for choice morsels in the usual coati manner. 

Mutual grooming between MSf and the four adult females of the band was 
commonplace, though P44 was less willing to join him than were the others. As 
many as five sessions were observed in a single day, and only once in eighteen dal’s 
of observation did I fail to see at least one. Many of MSf’s grooming sessions with 
F41 were interrupted by the arrival of her three young, but occasionally he par¬ 
ticipated in group grooming sessions (pi. 10). In addition, he or the females fre¬ 
quently approached each other, although with no further result than some brief 
chueklmg, sparring, nuzzling, tail-to sitting, and/or perineal sniffing. Attempted 
copulation was rarely seen; five times with adult females, and twice with juveniles. 
No attempt lasted more than three seconds, though only twice did the females 
actively resist. Each time a juvenile was seized it struggled and squealed and was 
rescued by an adult female. The male’s constant fear of the females during close 
contact was evidenced by the frequency of his grunting during all of the inter¬ 
actions listed above. The juveniles occasionally tried to engage him in sparring 
bouts, but he was inclined to shut his eyes and back away. 

MSf usually accompanied the band into their roost tree at night or slept in a tree 
nearby. For sixteen nights I witnessed either the evening ascent or the morning 
descent (usually both). MSf slept in the same tree with Band 4 for at least part of 
ten nights; he definitely slept in nearby trees on four other nights, and probably 
slept with them or nearby on the other two nights, when he was in the vicinity 
but had not yet ascended when it became too dark for me to see. Each night when 
he joined the band in the roost tree, and each morning before they descended, there 
was a short period of moving around, ehittering, squealing, grunting, and/or 
chuckling. But the grunting and chuckling predominated, and there was none of 
the violence typical of the nocturnal encounters near the laboratory in 1959. 

Prom time to time, other, mostly younger males approached Band 4, usually 
when MSf was not in evidence. They were often very aggressive, rushing at the 
females with loud, rapid grunts; and the females fought them off amid a din of 
snarls and squeals. The following encounter was typical: a third-year male rudied 
at the females in MSf’s absence and engaged one of them in a fight. She retreated, 
sparring with her forepaws, but he pressed after her and forced her, with the other 
adult females, up a tree. He continued his attack on them, forcing them out on 
the ends of branches. Each time he seemed to have one of them in an untenable posi¬ 
tion, another of the females came up behind him and diverted his attention by nip¬ 
ping his rump until the cornered female was able to improve her position. The 
arrival of MSf brought relief to the females, with the result described on page 145. 
Similar incidents occurred several times, and each time the females were able to 
hold off their harasser until he was routed by MSf’s arrival. Even males that 
approached the band more timidly were met with squeals and driven off. The one 
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exception saw me and stood looking at me, grunting rapidly and switching his tail. 
The females ^sent toward him without hostility, and I heard chuckling as at least 
one of them joined him behind a clump of bamboo. 

ilSf also approached other bands when he met them, and tended to be more 
aggressive than he was toward Band 4 He w as usually treated with hostility. How¬ 
ever, his grunting was often mixed with chuckling, and at least one of these bands 
allowed him to join them for a few seconds. 

As the mating period came to a close, MSf stopped accompanying the band and 
several other younger males tried to join it at various times. MSg was the most 
persistent of these. None of them were very aggressive, and all were ignored or 
easily repulsed with squeals and short rushes. MSf still joined the band occasionally 
for brief periods of up to an hour. He groomed with the adult females, accompanied 
by chuckling, and seemed more inclined to groom, wrestle, and spar with the juve¬ 
niles than he had been during the mating period. Similar behavior was observed 
between an adult male and a juvenile male near the laboratory clearing, each rear¬ 
ing up on his hind legs to box at the other. 

AU of the coatis seemed to show a decided preference for conducting their ses¬ 
sions of mutual grooming, inhibited fighting, and copulation above the ground on 
logs and vines, or up in trees. 

Attempts to breed coatis in captivity pointed up the danger of drawing conclu¬ 
sions about natural behavior from observations on animals in artificial situations. 
Most of the captives’ behavior can easily be explained on the basis of knowledge 
gained from the coatis in the field, but taken by itself it gives a confusing and badly 
distorted pictui’e of the relationship between adult males and females. 

An attempt to breed coatis in captivity in 1959 failed when the male (CMa) 
ignored the female coatis (CFSa, CFb) and repeatedly mounted a subadult male 
Procyon cancrivorous. CMa continued to ignore the females even after the raccoon 
was removed from the pen. MSb and MSd were then captured and placed with 
CFSa and CFb, for several days each, but there was only mutual hostility between 
them. 

Band 6 was trapped intact in late December, 1959, and an adult male (CMg) was 
taken in the same trap on the same day. All of these coatis were kept together in 
captivity throughout the 1960 mating period, and their behavior was comparable 
to that of the wild coatis at the same period. There was very little hostility between 
the captive females and male; they groomed and sparred with each other, and the 
male copulated successfully with both females. 

Two other females (CFa, CFc) and a third-year male (CMh), all strangers to 
each other, were placed in an adjoining pen. The females were hostile to the male 
at first, but CFa later followed him around and made repeated attempts to groom 
with him. The male was completely subordinate to both females, usually sitting 
head-down whenever one of them approached him. He groomed with CFa occa¬ 
sionally (or, more often, sat passively while she groomed him), but never attempted 
to mount. CMh also exchanged hostile behavior with CMg in the adjoining pen, and 
was completely subordinate to him. 

Tree Another type of activity that becomes apparent in the mating 

period has more significance later in the breeding season: the building of tree nests 
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to sleep in at night, or for resting in during the day. No nest-building was seen in 
1959 until March 26, when I watched M31 and F34 make one for themselves and f35 
to sleep in. I saw nests built on four more occasions that year, the last on August 8. 
All were built by bands except the one MS13 built at about the time he left the 
band to become solitary. In the 1960 mating period Band 4 slept in nests at least six 
times, and MSf built his own in a nearby tree on three of these occasions In addi¬ 
tion, the band and MSf made separate nests for daji;ime resting once. Nests were 
built by Band 4 members for use at night four more times before the temporary 
disbanding. The last of these was built entirely by the three juveniles w^hilc F42 
(the only adult present) continued to feed in a nearby fruit tree. After the band 
split up in April, these juveniles built another tree nest on the only occasion when 
I was with them at dusk. 

The nests are crude platforms of branches and leaves added to such natural 
foundations as a dense area of limbs and foliage, a pile of debris, a tangle of vines, 
or a tree crotch. All of the nests mentioned above were flimsy, less than three feet 
across, and built well up in the crowns of the trees. The nests made by solitary males 
were slightly smaller than those made by bands. The method of construction is 
simple. One or more coatis stand at the chosen site and pull in nearby branches 
with their teeth, forcing them into place and biting through or breaking off the 
smaller ones. Sometimes the forepaws are used to pull branches to the mouth, just 
as in feeding, but only the teeth are used to break them. Live, leafy branches, dead 
sticks, and large leaves are added to the pile. When all of the suitable branches 
within reach are used the coatis may break off others a few yards away and carry 
them to the nest in their jaws. Sometimes a dozen or more branches up to about 
two feet long may be used, but at other times a natural pile of debris is simply 
rearranged a bit, and a few new twigs are added. The members of a band may 
work on two or more nests simultaneously, since the nests are usually too small 
for more than three or four coatis. Nests may be used more than once, though they 
are usually worked on briefly each time, and frequently new nests will be built 
within a few feet of used ones. In any event, most of these nests are too flhnsy to 
last more than a few days. 

PERIOD OF LATE PREGNANCY AND BIRTH 

Disbanding ,—^None of the females m Band 1 became pregnant in 1959, and the 
band remained intact at least until April 17. I lost contact with the band after 
that, but saw all of them except Fll together on May 10. By mid-May M12 and M13 
had both become solitary and were frequently seen around the laboratory clearing, 
as was Mil (now MSll), which had left the band a month earlier. Small groups of 
coatis, mostly subadults and juveniles, were seen in other parts of the island in late 
May and early June. On May 20 I saw a pregnant female with tvro subadults, one 
of which was a male. The first new young were seen on June 13. From these obser¬ 
vations it was impossible to be certain whether the bands remained intact when the 
young were born, or even whether Band 1 remained intact in the absence of re¬ 
production. Observations of Band 4 the following year definitely confirmed the 
statement of Alvarez del Toro (1952) that pregnant females leave the band and 
return only when the young can run well. 



150 University of California Publications in Zoology 

During late February and ilarch of 1960, Band 4 gradually became less stable as 
the adult females began splitting off by themselves or in groups of two or three for 
periods of a few hours. The three juveniles remained with their mother (F41) 
when the band was split. On March 29, F42 and F43 slept together apart from the 
rest of the band, and on March 30, the three juveniles remained together as a unit, 
but they and all four females repeatedly joined in various combinations and split 
apart again, apparently at random. In the course of the day I was with a succession 
of eleven different subgroups, ranging in size from one to seven coatis. At dusk 
I was with F42, F43, and the juveniles, and these five slept together that night. 
F43 left the group the next moiming, and I was with F42 and the juveniles for 
the rest of the day. "We saw no other coatis, and these four slept together that night. 

On April 1 there was again no pattern to the splittings and joinings of the whole 
band, and MSf even joined the group at one time. Several incidents gave positive 
proof of a basic change in the relations of the band members at this time. Twice F41 
squealed and rushed at her three young, nose up and teeth bared, when they ap¬ 
proached her. The juveniles retreated, but remained nearby. Soon after, F41 and 
F42 engaged in a session of mutual grooming, but failed to include the juveniles 
who came and sat beside them. Still later, F41 did groom two of her young, but her 
up-turned nose and low intensity chittering were evidence of her newly developed 
hostility to them. Finally, F41 was hostile to one of her young that approached 
while she was grooming with MSf. F42 reacted in a similar manner when a juvenile 
approached her. 

Early in the afternoon F42 left the group. I followed her, and was with her 
every day after that until her young were bom. That night she worked on a nest in 
a Scheelea palm tree and slept in it alone. The next day (April 2) she was joined 
briefly by F41 and the three juveniles, later by F44 and the juveniles. Once more 
P41 was seen acting aggressively toward her young, and P42 twice chased them 
from her when they came close. By dark P42 was alone again, and returned to 
her nest in the palm. The juveniles were unable to locate her there, and were still 
whining, grunting, giving *Tost calls,” and running about anxiously when I lost 
contact with them. Prom April 3 to April 7, P42 was alone most of the time. She 
had one brief meeting with each of the other females, and three times was joined 
for several hours by the three juveniles. She slept alone each night, and was alone 
all day April 8 and 9. Sometime on April 10 her litter was born. 

Activity of pregnant females. —^P42’s daytime activity from the time she left 
the band on April 1 until her litter was bom nine days later is summarized in table 
6, and her movements are summarized in figure 8. 

The nest-building activity was particularly significant. P42 worked on the nest 
in the Scheelea palm for one-half hour on the evening of April 1, and another half- 
hour the next morning before descending. Dead leaflets from the palm fronds were 
pulled in to the base of the crown and bitten off, and she made fourteen trips along 
a frond to an adjacent tree to get leafy branches. The next night and morning 
she worked on the same nest, but although she slept there the following night she 
did not add to it. On April 4 before going to sleep she worked on a nest in a large 
tree near Miller 3 which had been used before as a rain shelter by the band and 
probably as a roost tree. The crown of this tree was densely overgrown with vines, 
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^ Total area covered by F42, April 2-10 
M Area of concentrated activity 
-Home range boundary (Band 4) 


Fig. 8. Activity of F42 in late pregnancy. Trails are marked off in 100-meter sections, which are 
numbered on the map every 600 meters. The circled numbers refer to roost (nest) trees, which 
were occupied as follows: IS, F42, April 1, 2, 3, 6; 14, F42, April 4, 6, 8, 9, with new litter, April 
10 through May 19; IS, F42, April 6; 16, F41 and litter; 17, F43 and litter. 

affording excellent shelter, and it was here that her litter was bom six days later. 
On April 5 there was no nest-bxulding, and. she dept once more in the pahn tree. 
On April 6 she worked on four different nests in three different trees. On April 7 
and 8 she returned early (before 1600) to the tree near Miller 3 and probably 
worked on and completed the nest there. On April 9 she explored the tops of three 
trees and built a small nest in one of them. That night she retired to the nest tree 
at 1750. 
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I subsequently located the nest trees of P41 and P43, and all three ^ere ^uthin 
one hundred seventy-five meters of each other (see fig. 8). P43’s nest was on a 
large horizontal limb about seventy-five feet above the ground. It was the only one 
I was able to see, and was larger (about three feet in diameter) and much more 
substantial than the rudimentary structures built earlier in the breeding season. 
F41's nest was in a large almendro tree with a thick growth of lianas. 

The meetings between the adult females after April 1—^in Miconia trees where 
aU the members of the band were feeding—^r^^ere accidental, and the females ig¬ 
nored each other and soon went their separate ways. MSf was also feeding in one 
of these trees on April 9 when F42 came to feed, but he made an obvious detour 
to avoid close contact with her. That evening, however, he ascended the Miller 3 
nest tree after P42 had already retired. He may only have been looking for a roost 


TABLES 

Daylight Acn\TTY op F42 in Late Pregnancy (april 2-9) 


Activity 

Hours 

Per cent 

Feeding and traveling . 

71.5 

67.5 

Nest building in trees other than roost trees. 

4 6 

4 0 

Nest building in roost trees before dark... 

7 0 

6 5 

Rest. 

23 0 

22 0 

Total 

106 0 

100.0 


tree for the night, but if so he picked the wrong one. Within a few seconds after 
he disappeared into the crown a ’sdolent fight broke out, and amid a bedlam of 
squeals and snarls, down came MSf, half falling, half scrambling, and hotly pur¬ 
sued by P42, who chased him out of sight and then returned to the nest. 

The juveniles stayed together throughout this period, changing readily from 
female to female, and spending much of their time apart from the adults for the 
first time in their lives. Whenever, they joined P42 they stayed with her for sev¬ 
eral hours, but there was no grooming, and they always lost contact with her before 
she returned to her roost tree for the night. The adult was silent on her solitary 
rambles, and gave low intensity grunts only rarely when the juveniles were with 
her. They gave both low intensity grunts and “lost calls” freely, but did not main¬ 
tain Yery close contact with the female. 

Birth.—On the morning of April 10, P42 descended from her nest tree at 0610, 
fed on the groimd, and went back up at 0735. She did not come down again that 
day, and when I saw her the next morning her litter had been born. I do not know 
the exact dates on which the other females in the band gave birth, but they must 
have been close to April 10, because aU 4 females brought their young down from 
the nests within one day 5 weeks later. CP62 and CP61 gave birth to their litters on 
Apiul 8 and April 11, respectively. These dates are all approximately 70 days from 
the end of the mating period, which agrees well with the published gestation pe¬ 
riods for yasua: 77 days. Canal Zone (Palmer, 1954); 77 days, Philadelphia Zoo 
(Brown, 1936); 71 days, captive in San Diego (Gander, 1928); approximately 10 
weeks, South America (Cabrera andTepes, 1940). 
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Coati litters of 3 to 5 frequently have been reported in the literature. CF61 had 
3 (all female), and CF62 had 4 (2 males, 2 females), I did not see Band 4’s new 
young until they came to the ground 5 weeks after they were born. At that time 
F41 had only one, and the other 3 females had a total of 9. (All 9 were together 
every time I saw them, and I do not know how many belonged to each female.) 

EARLY DEVELOPMENT OF THE YOUNG 

Because Band 4's new young were in tree nests I was not able to observe their early 
development and behavior. Such information as I have was gathered from the ob¬ 
servations of my wife, Aiieen Kaufmann, of the Wo litters born in captivity to 
CF61 and CF62 (one of these was abnormal; the young failed to develop properly, 
and all of the young and their mother died within a few weeks), and from Dr. Ivo 
Poglayen’s observations of a litter bom in the Eio Grande Zoo, Albuquerque, New 
Mexico. Dr. Poglayen has very generously made his notes available to me, and I 
have combined some of this information with Arleen’s in the brief summary 
which follows. 

Color .—The newborn coatis had sparse, dark blackish-gray (Albuquerque) or 
chocolate brovm (Barro Colorado) fur. There were light gray or whitish spots on 
the head above and below the eyes and at the base of the vibrissae, as in the adult. 
There was also a variable amount of gray or white on the dorsal surface of the 
muzzle and on the abdomen, throat, and shoulders. (These areas are also whitish or 
yellowish in the adults.) The Barro Colorado young had uniformly dark fur on 
the rest of the body, with no light areas on the ventral regions until a week or more 
after birth. The light rings on the tail were more conspicuous than they are in the 
adults, especially on the underside. The original fur was soft and silky, and the 
long, coarse, yellow-tipped hairs did not appear until the fifth week after birth. 
The abnormal litter soon lost most of the hair they were bom with, and one of them 
grew a covering of short, kinky, uniformly light gray fur before it died. 

Structure .—The weight of the newborn young varied from 100 gm (Albuquer¬ 
que) to 180 gm (normal litter from Barro Colorado). The head and body length 
varied from 155 to 165 mm, and the tail length from 100 to 110 mm. At the end of 
thirty days the weight of the young from both the normal Barro Colorado litter 
and the Albuquerque litter was 500 gm. 

The eyes were closed at birth, as were the external ear openings, and the ears 
adhered closely to the sides of the head. The eyes of all the coatis in the normal 
litter from Barro Colorado, plus those of two from the abnormal litter, opened on 
the fourth to fifth day after birth. However, the eyes of the only surviving infant 
in the Albuquerque litter did not open until eleven days after birth. The other two 
coatis in this litter were taken from their mother and died from an unknown sick¬ 
ness. The survivor was left with its mother and apparently developed normally; 
although smaller than the Barro Colorado coatis at birth, it grew faster and had 
reached the same weight after thirty day^, probably because it was getting the 
milk produced for the entire litter. All of the other details of its physical develop¬ 
ment and behavior matched those of the normal litter from Barro Colorado. The 
auditory canals first started to open six days after birth, and were fully open by 
the fourteenth day. Compared to the adults, the infants had relatively larger ears 
and shorter, thicker snouts. 



154 University of California Publications in Zoology 

The young were bom without teeth. The upper incisors erupted on approxi¬ 
mately the fifteenth day, and all of the incisors had erupted by the nineteenth day. 
The upper canines erupted on the twenty-seventh day, followed a day later by the 
lower canines. The milk dentition was complete about two months after birth. 

Behavior ,—^The infants made a variety of high-pitched squeaks, but chittering 
was the most conspicuous vocal pattern and was a common response to being left 
alone or touched. Whining was also distinguishable in their vocalizations. 

The coatis in the normal litter from Barro Colorado were first seen holding their 
tails erect and walking on the eleventh day after biilh. Coordination was poor, 
however, and four steps was about the limit before they either collapsed with all 
four legs spread or rolled over. When the latter happened they were able to right 
themselves immediately. They sniffed constantly at the bare cement floor as they 
walked, just as adults do when feeding on the ground. Within four more days they 
w'ere able to walk about two feet before falling over, and had developed a rather 
clumsy gallop (they tended to push too hard with the hind legs, almost pitching 
forw^ard on their noses). By the twentieth day they were able to walk with good 
coordination and now also showed the tjrpical adult feeding behavior of scratching 
with the forepaws at the ground and at objects such as logs, fallen leaves, etc. In¬ 
hibited fighting, mostly wrestling and sparring with the forepaws, was common 
from the second week on. In a “fight” on the twentieth day we saw a clumsy but 
recognizable attempt by an infant to mount and grasp another’s back and bite at 
the neck and shoulder—actions used both in fighting and in copulation. Coordina¬ 
tion was also poor in scratching attempts, and frequently an infant failed to make 
contact with its foot, especially on areas difficult to reach. This difficulty was over¬ 
come by the end of the second week. 

NESTING PERIOD 

Band 4’s young remained in their tree nests for almost six weeks while their moth¬ 
ers divided their time between caring for the infants and foraging for their own 
food. P42 spent about half of her daylight hours with her young and the other half 
foraging on the ground and in trees, seldom more than 200 meters from her nest. 

Nursing and grooming ,—The females usually sit on their haunches with their 
forefeet on the ground or a log or tree limb while the young are nursing, twisting 
around from time to time to scratch themselves or groom the young. This grooming 
consists mostly of licking, and the teeth are used very little. The female frequently 
licks the anus of nursing young, which then defecate; the female licks them clean 
afterwards. In this way the nest boxes of the captives were kept spotlessly clean. 
The young usually lie flat while drinking, often on their sides. They take hold of the 
nipple with their forepaws before starting to nurse, and maintain their hold as 
long as they are dri nkin g. Poglayen reports that very young coatis press alter¬ 
nately with both forefeet as they nurse (“Milchtritt”). 

Carrying the young,—The females carry their young firmly in their jaws, grasp¬ 
ing them around the abdomen, or, more commonly, around the neck. They use their 
forepaws to roU the infant into position so that it can be picked up more easily. The 
captive females carried their young in and out of the nest boxes and across the pens 
away from humans who approached them. One use of the carrying technique in the 
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wild was dramatically demonstrated by F43 while I was watching her nest. She 
climbed out and down into the branches below the nest, then lunged, knocking 
loose some dead twigs, and almost fell. As she struggled to regain her balance, 75 
feet above the ground, I saw one of her infants in her jaws and heard it squeaking. 
She soon had it back in the nest, but one wonders how often the active youngsters 
get themselves into similar predicaments, especially toward the end of their stay in 
the nest. 

Relations of females with young to other coatis. —^In the nesting period when 
adult females occasionally met, each gave some low intensity grunts and went her 
silent, solitary way. If one of them met the three juveniles while foraging, again 
the encounter was brief with no signs of hostility. But around the nest tree, adult 
females were definitely hostile. On the day after F42’s young were born, the three 
juveniles from the previous year climbed into her nest tree. Within seconds there 
were violent snarls and a crashing of limbs and vines, and one of the juveniles came 
plummeting, beUy first with legs outstretched, forty feet to the ground. It landed 
in a patch of small palms on a soft, muddy slope and in a few seconds got up and 
went to the base of the tree. More sounds of fighting came from above, and F42 
chased the second juvenile down through the lianas. The juvenile, half falling, half 
scrambling, finally lost its balance and fell the last twenty feet, bouncing ofE sev¬ 
eral lianas near the ground. Immediately it started back up the lianas into the tree, 
and went up thirty feet to the place where the third young had been chased by F42. 
She attacked again, chasing both of them to the ground, but they seemed reluctant 
to leave, climbing around in the lianas near the ground and whining constantly; 
they even started up three or four more times. Each time, however, they turned and 
descended, and F42 remained watching them from about thirty-five feet up. After 
about five minutes they left. 

Four times MSf came by while F42 was foraging on the ground near her nest 
tree, and each time she chased him out of sight. During most of this action both 
were silent, but sometimes the female made a series of “squeaks” that sounded like 
short, cut-off squeals. Once MSf retreated about ten yards on seeing F42 approach 
(she chased hirn out of sight anyway), but twice he came back within five minutes, 
and once he returned her aggressive nose-up display and rubbed urine on a tree. 

Social relations of other members of the bands. —^I saw one encounter between 
MSf and the three juveniles. All four immediately began low intensity grunting, 
and when MSf happened to walk near them the juveniles dashed up a liana a few 
yards away. He ignored them completely. 

My observations of Band 4’s three juveniles and of other bands during the late 
breeding season in 1959 and 1960 indicate to me that the nonbreeding members of 
the bands remain more or less together in the period when the females with young 
are absent. However, the subadult males in particular are prone to wander off on 
their own or in small groups. This increasing independence is a prelude to their 
complete break with the band within the next few months. 

POSTXESTING PERIOD 

Reunion of the band.—Band 4's new young left their nests on May 20, 40 days 
after they were born. Withm 24 hours all of the females brought their young down 
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and reformed into a single band. P42, P43, and P44 combined tbeir litters first; 
later that same afternoon F41, her single new young, and her 3 young from the 
previous year rejoined the group. This reunion was not immediately permanent, 
however. The next morning Band 4 split again into the same two groups, and for 
the next two days these groups had no contact with one another. On Hay 24 they 
met at 1615, but split on their way to the roost trees and slept apart. They were 
still apart when I saw F42, F43, F44, and their 9 young on May 26; but on May 
30 I saw the entire band together: F41, F42, F43, F44, their 10 new young, and 
f45, f46, and m41, now within a month or two of becoming subadults. I last saw 
the band on June 4; they were still together, but only 8 of the new young were 
with them. 

The reunions between the adult females were not hostile, but when, on the after¬ 
noon of May 20, F42, F43, and F44 were in F42’s nest tree and F41 and her 4 
young approached and climbed the same tree, there was an immediate outbreak of 
grunting and chuckling followed by snarls, and the 3 older juveniles came scram¬ 
bling part-way down. After they went back up, there were more chuckling and low 
intensity grunting but no more snarls, and the whole band soon settled down to¬ 
gether for the night. On May 24, F42, F43, and P44 were resting with their young 
in two temporary tree nests when the 3 juveniles approached from a nearby tree. 
The females came part way out of their nests, but without any obvious show of 
hostility, and the juveniles retreated. Soon the 3 females and their 9 young de¬ 
scended and then the females actively chased the juveniles, which remained nearby. 
F41 and her one new young then descended from another tree and joined the other 
females for the first time in four days. All the females joined immediately in an 
excited session of mutual grooming and chuckling. The 3 older juveniles were again 
treated with hostility when they tried to join the grooming. 

Presumably this is the usual pattern. The females bring their litters down from 
the nests, reunite, and are joined m the course of several days by the nonbreeders, 
toward whom they show temporary hostility. 

Maturation of males .—The subadult males may remain in the reunited bands 
briefly before they take up their solitary existence as adults. I have no reason to 
believe that they are driven off initially by the females with young; it seems more 
likely that they gradually become more independent and finally sever relations 
with the band of their own accord. This conclusion is supported by the behavior of 
MU, M12, and M13 in 1959. All three gradually became more independent through 
the breeding season and left the band by the middle of May, even though none of 
the females had bred or showed hostility to these males. Their testes did not descend 
until July. Other males of the same age were seen with the bands as late as June 20. 
Late in the afternoon of August 81 again made contact with the survivors of Band 
1; Fll, F15, F16, F17, and the now full-grown F19. MSll joined them, and they 
amicably went off together. Soon they climbed a roost tree, and the five females 
worked on two small nests simultaneously, while MSll remained lower in the tree 
and did not help. They all settled down to sleep, but at dawn the next morning only 
MSll descended. Apparently the females had gone off in the night. Although I 
searched for them for the next two weeks, I never saw any of the females again. 
MSll was ffien frequently after that in the same general vicinity. 
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After tlie males have become essentially solitary and their testes have descended, 
they are probably greeted with more hostility by the bands with new young than 
MSll was by Band 1. Solitary males do occasionally approach the bands during 
the nonbreeding season with no sign of hostility. As a rule they are driven off, but 
two exceptions "were observed soon after Band 4^s new young descended from their 
nests. On May 23, MSf was encountered on a foraging trip and F44 ran to meet 
him. He sniffed her perineal region, and neither seemed hostile. Then F42 joined 
them silently, turned her nose up at MSf, and he left. The next day another solitary 
male approached the band, F44 went to him, they sniffed each other, F42 joined 
them, the male moved off several yards, and the females rejoined the band. Two or 
three of the new young followed F42 over to within two feet of the adult male and 
he ignored them completely. 

Belations between other members of the bands, —The positive relations of the 
other members of the band are soon reestablished. The older juveniles in Band 4 
were seen briefly nuzzling and grooming the new young, and engaged them in 
rather one-sided inhibited fights in which the bigger coatis held the little ones fast 
in their forepaws and rolled them around; m41 apparently tried to mount one. The 
older juveniles continued inhibited fighting among themselves, chasing each other 
up and down lianas, sparring, and wrestling. They also tried to initiate such fight¬ 
ing with their mother, and after being pushed aroxmd a bit she sometimes joined in. 

Behavior and care of the new young, —The new young are well able to climb and 
run when they leave their nests. They make long unaided climbs into trees several 
times each day; however, they tend to descend the lianas too fast, pile up behind 
the slower ones in front, and lose their footing. Falls of up to twenty feet were 
frequently observed, but the young were always on their feet again and able to 
climb within a few seconds. Occasionally a female will carry one of her young up a 
tree in her jaws. The young dig in the litter and in very soft rotten logs and get 
some food in this way from the time they first leave the nest. They also eat fallen 
fruit: many black palm nuts were eaten in the few days that I was following the 
band with its new young. They manage to keep up with the females fairly well on 
foraging trips, but may lag behind, especially when they are busily engaged in 
digging just when the females move on or when they cannot negotiate a gully be¬ 
cause its sides are too steep or the branch they pick for a bridge does not go aU the 
way across. Since they tend to follow each other, there may soon be a crush of small 
coatis at the end of the branch, the ones in the lead hard-pressed to avoid being 
pushed off. 

Whenever the young find themselves alone, or out of sight of an adult female, 
they chitter. The nearest female gives low intensity grunts, and if the young hear 
they run to catch up. But if they are farther away and continue to chitter the 
female runs back to them. Usually the female carries off one and the others follow, 
but sometimes she has to carry several individually to the new location. She may 
also move each one when she is mildly alarmed and wants to leave but the young, 
oblivious to the danger, do not follow her. Besides cluttering, the new young occa¬ 
sionally give recognizable alarm grunts. 

The small young wrestle with each other frequently. They also climb in low 
bushes and vines, either by themselves or in chases, but far less frequently than 
older juveniles. 
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When females pause to groom each other or themselves, the new young run to 
them, climb all over them, and bite at them in the same manner that older juveniles 
use to good effect in soliciting grooming. The females are peculiarly unreceptive to 
such actions from the new young, however, while they are on the ground. In three 
and one-half days I saw only three abortive moves to groom them in such situations, 
and these consisted only of brief nuzzlings. Usually the females got up and walked 
away. In the same period I saw only two or thi'ee attempts by young to nurse, and 
each time the female walked awaj’ within a few seconds. 

Virtually all of the grooming and nursing of the new young takes place after 
the ascent into the roost trees in the evening, before the descent in the morning, or 
in trees during the daytime rest periods. Of 465 coati-hours of daytime observations 
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Fig, 9. Hourly distribution of daytime rest periods for Band 
4 with 6-week-old young (May 20-25, 1960). Adjustment has 
been made fox differences in the amount of observation in each 
hourly period. 

from May 20 to Maj" 25, Band 4 spent 48 per cent on the ground and 52 per cent in 
trees resting, grooming, and nursing. There may be two or three extended rest 
periods each day; the hourly distribution of the daytime rest is shown in figure 9. 
Nests are sometimes built for these daytime rest periods, and occasionally the band 
may use the nest in which a litter was born or an old nest in a roost tree. Daytime 
nest-buHding was also observed by Dr. C. R. Carpenter (personal communication) 
while he was studying howler monkeys on Barro Colorado in July, 1959. Dr. Car¬ 
penter saw four full-grown coatis, with several small young, building a nest. (One 
female was seen carrying an infant up to the nest in her jaws.) The young were 
apparently nursing. When Dr. Carpenter returned thirty minutes later the four 
full-grown coatis became alarmed, left the nest, and ran ofE. The yoxmg remained 
in the nest, one in plain sight as it clung motionless to a branch. It maintained this 
“freezing” position for the full fifteen minutes of observation. 

Females are apparently more inclined to share food with the young at this stage 
than later. F43 was eating a black palm nut when a small juvenile approached and 
took the nut in its own paws. The female pulled, but the infant held on and the 
female silently walked away as the young proceeded to finish eating the pulp. 



159 


Kaufmann: Ecology and Social Behavior of the Coati 

The new litters usually run in a group rather than each following its own mother. 
Adult females sometimes even go off for short periods, leaving their yoxmg with 
the rest of the band. When a young coati fell from a tree in which the band had 
been resting, all three of the adult females present ran along the limb, looked down, 
and F42 went down after it. But the young, unseen by her, started back up a liana 
on the other side of the trunk and was unable to cross over to the rest of the band. 
F44 immediately made her way over to it, and escorted it to the ground when the 
rest of the band descended soon after. 

Further development of behavior .—^Nursing gradually decreases as the ground 
feeding technique of the young becomes more efficient. In 1958 I saw juveniles 
nursing occasionally as late as September 16, at least four months after they were 
bom, even though they were perfectly capable of finding all of their own food. 

Although they seldom use them, very young eoatis are capable of producing 
most of the vocal patterns used by adults. The growls and snarls of both sexes and 
the low-pitched squeals of the females apparently develop only as the eoatis ap¬ 
proach maturity, but all of the other vocalizations have been heard (some only 
rarely) fuUy developed in juveniles. The ability to make chuckling and chop-chop 
sounds apparently develops later than whining, cluttering, squealing, and grunt¬ 
ing. which are aU well developed in eoatis less than two months old. Deciding the 
exact age at which any vocal pattern develops is difficult, because some patterns 
may not be evoked (at least in the presence of the observer) until long after they 
are developed. 

Inhibited fighting includes almost all of the observed activities that might be 
labeled with the much over-used term “play”: 1) crouching and springing forward, 
sideways, and backward; 2) chasing—anywhere, but especially up and down trees 
and lianas; 3) wrestling, including clasping and biting of the back; 4) sparring 
with forepaws and head, often combined with rearing up on the hind legs; 5) in¬ 
hibited biting; 6) covering the eyes with the paws when the “play” gets rough; 
7) pulling the pursued down from a tree by his tail, grasped in the forepaws. All 
of these patterns except the last have been observ'ed in serious fights, but then they 
are usually performed in a less exaggerated (and less harmless) manner. Most of 
these actions are performed in silence, though occasionally there is cluttering, 
squealing, or grunting when one of the participants gets too rough. The only “play” 
pattern that is not a fighting technique is mounting by young males. 

Juveniles were observed performing aU of these activities in the nonbreeding 
season, though infrequently. There was an obvious increase in such activities in 
late November and December, and they were a common and conspicuotis feature of 
the breeding season. Not only the juveniles, but the subadult males as well, partici¬ 
pated at this time, and to a lesser degree, so did the adult males and females. The 
adults responded rather weakly to advances made by younger animals, but spar¬ 
ring and inhibited biting were common between adult males and females. The 
juveniles persisted in these activities right through the breeding season, even en¬ 
gaging in them with the new young. Both age classes also managed to involve the 
adult females from time to time. Finally, there was a decrease in these activities as 
the older juveniles became subadults and the new young reached their second or 
third montL 
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Adaptive Value of Coati Social Behavior 

Communication .—The adaptive value of a behavior pattern, referred to here as 
its ‘‘function,” is independent of any purposiveness in the motivation of the animal 
performing it. That is to say, the adaptive function of a vocal, visual, or olfactory 
signal is independent of any intent of the animal sending the signal, or of any 
conscious “understanding” of the signal by the animal responding to it. In the 
simplest cases animals evolve automatic responses to a few specific situations, and 
these responses act as signals that elicit the appropriate automatic responses from 
other animals. Ooatis, however, react to a wide variety of situations, and seem 
capable of some appraisal of each, based on the available information; moreover, 
their response to a given signal is modified according to the details of the situation 
producing it. For example, high intensity alarm grunts may send other coatis dash¬ 
ing up trees if they do not know the cause of the alarm; but if the cause of the 
grunting coati’s alarm is visible, and the other coatis are not alarmed by it, they 
may not respond to the signal. Furthermore, the response of an adult female to the 
cluttering of her young depends on the (apparent) cause of the cluttering. She 
may give answering low intensity grunts; or go to investigate; or attack; or, after 
a quick glance at the young giving the caU, ignore the chittering. But this does not 
imply that the coati giving the signal is trying to convey certain information, which 
is consciously understood by the receiver of the signal. 

The motivation behind a signal may even be unrelated to the adaptive response 
which has evolved to that signal. For example, although the motivation behind the 
usual low intensity grunting of a traveling and feeding coati band may be a low 
level “negative” feeling of alarm or uneasiness—^the higher intensities of grunting 
seem clearly indicative of alarm—^the function of this low intensity grunting 
seems to be “positive,” as a “contact call” helping the band to keep together. 

Except for the various intensities of grunting, most of the coatis’ signals function 
in hostile situations to achieve the adaptive ends of aggression without danger of 
physical damage. The nose-up posture, chitter, squeal, growl, and chop-chop, all 
harmless substitutes for fighting, usually decide conflicts without physical violence. 
The head-down posture may function as an “appeasement” display by intimidated 
coatis, but the rapid and complex alternation between this and more aggressive 
displays has made acquiring statistical evidence of its effectiveness so far impos¬ 
sible. It is certain that coatis presenting this display will readily fight if pressed. 
Chuckling and the tail-to position seem to reduce the hostility of other coatis in 
social (usually sexual) situations, possibly by inducing the socially positive action 
of mutual grooming. 

I found no evidence that the olfactory “signposts” produced by one male’s urine- 
rubbing have any effect in driving the other males out of a given area. All the males 
that inhabit the area continue to patrol it, each leaving his own marks. However, 
fresh signs may help to minimize the number of hostile encounters between these 
males by warning subordinate males of the presence of a dominant male in the 
immediate vicinity. The consistent dominance of some males over others has al¬ 
ready been mentioned (e.g., MSf over the younger, unmated males), as has the 
tendency of the subordinate males to avoid contact with the dominants. 
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Social organization. —The hostility between solitary males, and the tendency of 
bands to remain in fairly restricted areas, even without the obvious mechanism of 
territorial defense, combine to achieve a population distribution which insures 
efScient use of the habitat and effective reproduction. But the social structure is 
stiU flexible enough to allow different units to take advantage of large local food 
supplies; there is little hostility among the bands and adult males that make up 
large temporary aggregations feeding on a particular fruit crop. 

There are definite advantages in the grouping of females and yotmg in bands— 
even when they are as loosely organized as coati bands. Cooperation among band 
members in the face of a common enemy affords increased protection, especially for 
the juveniles. If a female dies or becomes separated from her litter, the care given 
her yoimg by the other females and subadults in the band greatly increases their 
chances for survival. And even though there is no active cooperation in obtaining 
food, the type of foraging done by coatis is done more effectively by a group. The 
chance that a particular small vertebrate will be caught is increased when it has 
to run the gantlet of an entire band. This is particularly true of such auiTnala as 
the lizards of the genus Ameiva, the vertebrates most c omm only caught by coatis 
on Barro Colorado Island, which depend to a large extent on running to escape 
capture. Bach coati benefits from food chased its way by other members of the 
band, and more such prey is obtained by the coati population as a whole than would 
be the ease if each coati hunted separately. 

Mutual grooming not only rids coatis of external parasites and promotes healing 
of wounds, but also plays an important part in maintaining band structure by pro¬ 
viding the members with frequent, socially positive interaction. Inhibited fighting 
among the juveniles and subadults probably helps preserve band structure by 
serving as a positive outlet for latent or developing hostility. Inhibited fi g h tin g 
and mounting may also develop skills that are useful in more serious encounters. 
Low intensity grunting, “lost calls” and the responses to them, and the upright 
tails all probably aid the members of a band to meimtain contact with each other. 

Although solitary females are known, there may be some minimnm group size 
(about three or four) below which the members seek to join another band. The occa¬ 
sional association of the remnant of Band 3 with another small group, as well as 
the tendency of small groups from Bands 1 and 5 to rejoin the bands after they had 
apparently split off and the readiness with which CPa joined with CP61 and her 
litter when they were released in June, 1960, is evidence for this. I saw no abso¬ 
lutely certain example of a coati joiniag a band for the first time. But the behavior 
of coatis toward members of other bands and solitary males that they meet fre¬ 
quently (as at a food station), the behavior of Band 1 toward P15, P16, and P17 
when they sought to rejoin the band, and perhaps even my own success in “joining” 
coati bands, all indicate that a persistent stranger has a good chance of being ac¬ 
cepted. In each of these situations, initial hostility was overcome after constant 
contact and familiarization, and the “strangers” were eventually tolerated. 

Although there may be no maximum size limit on bands short of the limitations 
imposed by the food supply, the general instability of even am all bands argues 
against the existence of large bands except in a very casual sense. 

The m<Bt important behavioral change of the breeding season is the aaun ma ti ou 
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of an adult male with each band. The male that joins each band is apparently one 
whose home range overlaps that of the band, and with whom the members are there¬ 
fore already familiar. Their acceptance of him is presumably due to the combined 
effect of their previous familiarity with him augmented by his more or less constant 
presence during the mating period, their decreased hostility toward males in gen¬ 
eral, and the mutual attraction caused by the activated sex drive. This acceptance 
of the male is demonstrated most clearly by the frequent sessions of mutual groom¬ 
ing, which in turn strengthen the temporary bond between male and band. The 
inhibited fighting between males and females and the frequent grunting of males 
in close contact with band members are constant reminders of the aggressiveness 
and fear which must be suppressed for successful mating. Sparring and inhibited 
biting may serve a positive function as a harmless outlet for this suppressed hos¬ 
tility at a time when open hostility would be detrimental to the species. The violent 
encounters between members of bands and other males during the mating period 
are further e\fidenee of the importance of the temporary bond between bands and 
males with which they are familiar. 

In light of this, the behavior of captive males and females thrown together for 
the first time cannot be expected to represent the normal mating behavior of coatis. 
Our success with CF61 and CF62 was due to our fortunate choice for their mate of 
an adult male from the same area—^possibly the male that would have mated wdth 
them if they had not been captured. Males and females kept together for long pe¬ 
riods in captivity will sometimes mate, but without field observations we would 
still be unable to make valid statements about the mating habits of wild coatis. 

That one dominant male mates with all or most of the females in a band makes 
the number of males less important for reproductive success than would be the 
case if each female mated with a different male. Just as the organization of females 
with young into bands makes each individual of less critical importance to the 
survival of the population, so the behavior of the adult males makes each of them 
of less critical importance to the population. The increased hostility between males 
during the breeding season coupled with the association of one male with each 
band also tend to restrict actual breeding to the few strongest males in the area. 
However, the social structure is loose enough so that gene flow between different 
segments of the population is not greatly restricted. 

With the approach of parturition, the pregnant females undergo another change 
in behavior—^this time toward members of their own band. Each pregnant female 
leaves the group voluntarily. There is no increased hostility between such females, 
but they develop a definite hostility to the nonbreeders (including their own 
young). If these nonbreeders remained with the females, they would pose a threat 
to the newborn young. The birth and early care of the young in tree nests reduce 
the chance of their being found by predators, and presumably make them easier to 
defend than they would be on the ground. The greater safety of the treetops is also 
indicated by the refusal of the females to groom or nurse their yotmg on the ground 
for some time after they leave the nest. 

INTEESPEOIFIC RELATIONS 

In general, my observations of interspecific relations show that the coatis and the 
vertebrates they encounter pay little attention to each other. The scientific names 
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given here for mammals are those used by Hall and Kelson (1959); the scientific 
names for birds are from Eisenmann (1952). 

Predators 

Pumas {Felis concolor), ocelots {Eelis pardalis)^ and jaguarundis {Felis yagua^ 
roundi) have all been seen on Barro Colorado, but none (as of January, 1961) since 
a puma vras observed in 1957. All are potential predators on coatis, though they 
probably concentrate on deer, peccaries, and rodents. 

Boas are ako potential predators, especially on young coatis. Sanderson (1941) 
reported finding coati hair in the stomach of a boa constrictor he killed. Constrictor 
constrictor is common on Barro Colorado. Live boas seven and eight feet long were 
presented to coatis on two different occasions, once to an adult male, and once to 
Band 1. On both occasions the snake showed no interest in the coatis and started off 
in the opposite direction. The coatis’ reaction was one of mixed alarm, aggressive¬ 
ness, and curiosity. There was no panic, and several of the coatis approached the 
snake cautiously when it started away from them. One of the subadult males in 
Band 1 even crept up and bit it on the tail as it was leaving. 

Harpy eagles {Harpia harpyja) and several other large birds of prey have been 
seen on or over the island from time to time, and these are also potential predators 
on coatis. Mr. Philip Welles showed me a photograph of a coati killed by a golden 
eagle {Aquila chrysaetos) in Arizona. 

I never saw any attempt by a predator to kill a coati; however, several juveniles 
were observed with large open wounds. One of these was one of a pair that was 
separated from Band 3, and rejoined the band five days later. The other was never 
seen again. Prom what I obser\"ed of the relations between young coatis and adults, 
including solitary males, I doubt that these wounds were inflicted by other coatis. 

Parasites 

Mutual grooming scions probably serve partially to control external parasites, 
and so may the considerable time coatis spend scratching and grooming themselves 
vdth their teeth. Occasionally I have seen one or more large ticks hangiTig on a 
coati, but these usually fall off in a few days. Ticks are more common on solitary 
males, especi^y when the animals have poor pelts and seem emaciated. Ectopara¬ 
sites are possibly an indicator of poor condition rather than a primary cause, 

Bot fly larvae of the family Cuterebridae commonly cause large swellings on 
toe Mies of howler monkeys, and I saw two cases of such parasitism on coatis. 
One larva caused a swelling like a miniature volcano with a small opening to the 
outside on the flank of a juvenile. The bot dropped out after about a month, and 
apparentiy caused no permanent iU effect. The coati scratched at the swelling 
r^uently, espeei^y as it got larger, but otherwise was not hampered by it. The 
other case, which involved an adult female, was similar in every respect. 

An emaciated adult m^e that came into the clearing just before he died had a 
arge open woimd in his side in which were imbedded 120 primary maggots, Coch- 
wmyia hommvorax Coqueral. These may have been the cause of death. There were 
74 ticks, Amiylomma ovale Koch, attached to his skin. He also had eestodes in his 
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stomach, and small intestine, and acanthocephalans in Ms large intestine and rec¬ 
tum. A juvenile male wMch died in captivity had trematodes and cestodes in his 
intestine. The infestations of internal parasites were apparently not heavy enough 
to cause the death of either coati. 

I am indebted to Prank Kadovsky and Richard Garcia, graduate students in 
the Department of Entomology and Parasitology at the University of California, 
Berkeley, for identifying the maggots and ticks. 

Competitors 

Because of the coatis^ omnivorous habits, many other mammals compete with them 
for food. Some of these competitors, or at least their young, are also potential 
prey for the coatis. Encounters were obser^^ed between coatis and a few of their 
competitors. 

Armadillos (Dasypus novemcinctus) feed on small invertebrates in the litter, 
and frequently leave collections of small pits in the ground wMch resemble those 
dug by coatis. Agoutis {Dasyprocta punctata) often feed under fruit trees with 
coati bands, and squirrels (Sciurus granatensis) feed on many of the same fruits. 
Most of the time the coatis ignored these animals when they met, and even when 
they were feeding together. Once in a while a young coati showed some slight in¬ 
terest in one of them and went closer to investigate, and occasionally an adult 
chased an animal that was already moving away. But when an armadillo was over¬ 
taken, the coati soon slowed down and turned back. None of these “chases’’ repre¬ 
sented a serious attempt to catch the other animal, and they seem to indicate 
merely that coatis often run after any relatively small thing that moves away from 
them. Armadillos, agoutis, and squirrels usually paid no attention to the coatis 
except to move aside if a coati approached very close. One agouti rapped on the 
ground with both hind feet simultaneously when an adult coati wandered by, then 
carried the fruit it was eating off about twenty feet to finish it. 

White-faced monkeys {Cehus capucinus) were the only mammals that went out 
of their w^ay to make contact with coatis. Sometimes the two species ignored each 
other, but several times coatis feeding in fruit trees were seen to return to the 
ground when a group of Cebus arrived. The prudence of tMs act was made clear on 
other occasions when groups of these monkeys chased coatis out of trees {Chrij- 
sophyllum, Scheelea) in wMch they had been feeding. One troupe of monkeys con¬ 
tinued dropping nuts and debris from a Scheelea palm on Band 3 after chasing 
M31 out of the tree, but the coatis ignored the shower except to pounce on and eat 
the ripe nuts that were included. Coatis were also harrassed occasionally by Cebus 
troupes when no food was involved, and once when a group of Cebus ran by on the 
ground fifty feet from a coati band, most of the coatis ran off in panic. 

Coatis and howler monkeys {Alouatta villosa, commonly referred to in the litera¬ 
ture as A. palliata) fed together in the same fruit tree without incident on a 
number of occasions. Once a howler and a coati met on the same branch, and the 
howler yielded the right-of-way. Carpenter (1934) also saw howlers and coatis feed 
peacefully together in the same trees many times, and only once saw a howler 
chase coatis out of a tree. The coatis I watched never paid any attention to the 
full-throated roars of nearby howler clans. 
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Night monkeys (Aotus trivirgatus) and kinkajous (Potos flavus) compete with 
coatis for fruit in trees, but since both species are nocturnal they rarely encounter 
eoatis. 

Tayras ^Eh'a barbara) may be considered as potential predators on coatis, but 
like coatis, taj*Tas eat considerable quantities of fruit, and were seen several times 
feeding in Cecropia trees with coatis. Neither species paid any attention to the 
other. 

Collared peccaries {Tayassu tajcu^u) and tapirs (Tapirus bairdii) compete with 
coatis for fallen fruit. In frequent encounters peccaries sometimes filed through 
bands of coatis (once within six feet of me) and on one occasion fed beneath the 
same hogplum tree (again within six feet of me). They ignored me and the coatis 
impartially, and the coatis ignored them, except to step aside when directly in a 
peccary’s path. Peccaries also root in the litter and may compete with the coatis for 
the invertebrates found there. White-lipped peccaries {Tayassu pecari) have not 
been seen on the island in recent years but would compete with the coatis in the 
same ways as the collared peccaries. 

Wild tapii*s have apparently been exterminated by poachers on Barro Colorado. 
An introduced tame tapir feeding on fallen figs near a band occasioned only mild 
curiosity and very mild alarm from a few coatis. Most of them ignored him. 

Eelations with Other Vertebrates 

Coatis frequently encountered other vertebrates that cannot be considered com¬ 
petitors, but which evoked some unexpected reactions. 

The only snake I saw encountered naturally by a band of coatis—a two-foot 
coral snake {Micrurus nigrocinctus )—was ignored after a passing sniff. A three- 
foot vine snake {Oxybelis aeneus) and a five-foot unidentified red-and-black 
colubrid evoked only mild alarm and curiosity when presented to Band 1 on 
separate occasions, and the coatis soon lost interest. One subadult male apparently 
forgot about the colubrid as he foraged near it and walked right over it. It struck 
him on the leg, and he jumped two feet up and back but paid no further attention 
to it. None of the coatis attacked any of these small snakes. 

Turtles often evoked a surprisingly strong alarm reaction. A subadult female 
came upon a three-inch turtle, grunted, and started back suddenly. I called several 
others of the band over, and when they got within two or three feet they too grunted 
and jumped back. This reaction was seen on several other occasions in juveniles or 
subadults. Adult female coatis usually ignored turtles, though one did sniff at a 
nine-inch specimen and turned it around with her paw. I never saw a coati attack 
a turtle. 

Once a group of coatis responded with mild alarm to the loud call of a rufous 
motmot (Baryphthengus ruficapillus) that was excited by the presence of a 
spectacled owl (Pulsatrix perspicillata) in a nearby tree. The coatis had not seen 
the owl. On other occasions coatis were alarmed by the alarm calls of agoutis and 
the loud chattering of squirrels. 

Coatis usually ignored anteaters {Tamandua tetradactyla) ^ but one young male 
chased an anteater across a log, up a tree, and back down again before he lost 
interest and allowed the anteater to hurry off unmolested. Both animals were silent 
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during the encounter, as was usual in encounters between coatis and other species. 
Coatis fed unconcernedly near brockets {Mazama americana) and white-tailed 
deer (Dama virginiana) after some initial curiosity and/or alarm when they 
appeared. 


HOME RANGE, MOVEMENTS, AND POPULATIONS 
Home Range 

REVIEW OP CONCEPTS 

Home range was defined by Burt (1943) as that area normally traversed by an 
individual in its day-to-day activities of food-gathering, mating, and caring for 
3’'oung. The home range is limited and constant for a given period of time, and does 
not include the areas covered on occasional long forays of a possibly exploratory 
nature. He defined territory as any defended part of the home range. These 
concepts have been widely accepted by mammalogists, and numerous methods for 
measuring home ranges and determining their patterns of use have been developed. 
Mammal studies involving direct observation of home range use are rare, and have 
concentrated on such larger species as wolves (Murie, 1944), foxes (Scott, 1943), 
deer (Dasmann and Taber, 1956), vicuna (Koford, 1957), and monkeys (Car¬ 
penter, 1934). Most home range studies are based on the recapture data obtained 
from small mammal studies, and various characteristics of mammal home ranges 
and their patterns of use have been assumed or discovered by a number of workers. 
These were summarized and compared by Hayne (1949) and Stickel (1954). 

Hayne (1949) also first suggested the use of a geometrically determined “center 
of activity” (the geographical center of all of the points of observation or recap¬ 
ture) as a tool for indicating the distribution of individuals in an area, for detect¬ 
ing shifts in activity in the home range or shifts in the home range itself, and for 
indicating the size of the home range. The use of the activity center concept for 
expressing home ranges with indefinite boundaries and the density of small 
mammals on such home ranges statistically was further developed by Dice and 
Clark (1953) and Calhoun and Casby (1958). Odum andKuentzler (1955), work¬ 
ing with data on bird territories, successfully tested the method of Dice and Clark 
for indicating the presence of defended territories with fixed boundaries. Under¬ 
lying all of these statistical manipulations is the basic idea, expressed by Dice and 
Clark, that because mammals with undefended home ranges have no fixed limit to 
their wanderings, attempts to fix boundaries of home ranges, i.e., to express home 
range as an area, are futile. They suggested instead that home range be expressed 
in terms of an “activity radius,” based on the distance of recaptures from the 
“recapture center” (an approximation of the activity center). It was suggested by 
Calhoun and Casby that the home range and density of nonterritorial mammals is 
best expressed by a statistical measure of the probability of finding the animal at 
varying distances from the center of activity. However, Dasmann and Taber 
(1956) felt that the nonterritorial black-tailed deer, which they watched, had true 
home ranges with definite limits, and that boundaries and areas for these home 
ranges gave a truer picture than would the activity radii suggested by Dice and 
Clark. Finally, Pitelka (1959) emphasized the functional significance of “terri- 
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toiy” in spacing out the individuals of a species, and advocated the use of the term, 
without regard to the method, behavioral or otherwise, by which exclusiveness is 
maintained, for areas of which at least parts are used exclusively by one member or 
social group of a species. The home range data obtained by direct observation of the 
Barro Colorado coalis in general supports the conclusions of Dasmann and Taber, 
and of Pitelka. 


HOME RANGES OF BANDS 

Most of my intensive observations were made in the area shown in figure 10. This 
area includes the complete home ranges of Band 1, 3, and 4; part of the known 
range of Band 5; and the location of the food station (Fairchild 6-7) where I 
observed Band 2. Such designations as “Fairchild 6” and “Lutz 2” refer to num¬ 
bered stakes located approximately every 100 meters along the trails. These 100 
meter sections are indicated on the maps. 

The daily wanderings of Bands 1, 3, 4, and 5 were mapped an average of eight 
or ten times a month in the period of observation for each band. It was soon evident 
that each band confined its movements to a definite home range. The home range 
maps presented for Bands 1, 3, and 4 (figs. 11-13) were compiled from all of the 
daily route records coHeeted for each band for periods of eight, seven, and seven 
months respectively. Because Band 5’s movements were followed closely for less 
than two months, no home range map is presented, but the movements charted 
during that period give a fair approximation of the most used poi’tion of the range. 

The boundaries of the home ranges represent composites of the actual routes 
followed by each band in their farthest observed wanderings; they are not simply 
lines connecting isolated points as are those obtained by the usual trap-recapture 
or repeated observation methods. This procedure is illustrated in figure 14, which 
shows all of the plotted movements of Band 4. 

These marginal wanderings were not single rapid forays directly out of and 
back into the core area of the home range, but parts of long, leisurely loops that 
began and ended (either on the same or the next day) in different parts of the 
core area. AU or part of many of these longer loops were repeated at least once. 
Some of the longer loops were repeated months later; others were repeated fre¬ 
quently in a short period while a particular fruit crop was available. They indi¬ 
cated not a permanent shift of the home range during the period of observation, 
but rather irregularly visited extremes of the home range. To this extent the 
ranges fit the “indefinite” type of home range described by Dice and Clark, and by 
Calhoun and Casby. 

However, several considerations incline me to treat these as definite home 
ranges that can be expressed usefully, though admittedly not absolutely, by areas 
and boundaries. Even when temporarily using distant parts of the home range, as 
when a particular fruit was available, the coati bands observed the new limits re¬ 
peatedly. Apparently the adult females, at least, had been there before and knew 
the area, including the location of the fruit trees. While within the boundaries 
that I have drawn, the bands fed and moved with no sign of or un- 

famiharity. In contrast to this was the behavior of Band 4 on January 23, 1960. 
They were feeding, traveling aloi^ spread out and at a normal pace, near the 



Trails -Home range boundaries 

Fig. 10. Bano Colorado Maud. The black area, enlarged below, is the area of intensive study. 
Trails are marked off in 100-meter sections, which are numbered on the map every 500 meters. 
The laboratory clearing is located on the cove on the east edde of the island. Band 2 was observed 
only at the food station marked by the X near Fairchild 6. 
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Fig. 11. Home range of Band 1. Trails are marked off in 100- 
meter sections, which are numbered on the map every 600 meters. 

The circled numbers refer to the roost trees listed in table 1. 

Broken line indicates the boundary of the home range. The core 
area is shaded. 

northwest boxuidary of their range, accompanied by MSf. On reaching the con¬ 
necting trail between Miller 6 and Barbonr-Lathrop, several moved northwest 
more or less along the trail. The others followed, and soon the whole band was 
beyond the limit of their home range. When they reached Barbonr-Lathrop trail 
they stopped feeding in the litter and seemed confused and panicky. They 
bunched into a tight group and dashed up Barbonr-Lathrop trail, tails erect, for 
about fifty meters. Then they ran back and forth on both sides of the trail, still 
bunched up. Finally they turned back the way they had come, reentered their home 
range, and returned to their normal pattern of feeding and moving. Twice pairs 
of coatis from Band 1 were followed briefly just outside of their home range, and 
on both occasions they ran back and forth constantly in an uneasy manner. 

Odum and Kuentzler (1955) suggested a distinction between “maximum’^ and 
“utilized” home range. The boundaries of the maximum home range are formed of 
straight lines connecting the extreme outermost observed points so as to include 
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all other points, and the writers offered a standardized statistical method for 
determining this maximum range. The utilized home range is that part of the 
artificially delimited maximum home range that the animal actually uses, and 
cannot be accurately determined by their method. Because in the present study 
the boundaries of the home ranges are composed of segments of actual movements 
of the bands, and the areas enclosed within these boundaries were covered by other 
movements at various times, the maximum home ranges are identical with the 



Fig, 12. Home range of Band 3. Trails are marked off in lOO-meter sections, ■which arc num¬ 
bered on the map every 500 meters. The circled numbers refer to the roost trees listed in table 1; 
the roost tree indicated by -was probably used by this band. Broken line indicates the 
bonndary of the home range. The core area is shaded. 

utilized home ranges. Limiting the maximum home ranges by the method of Odum 
and Kuentzler would result only in smaller, still fully utilized ranges that would 
not include some significant seasonal extensions. 

Core areas ,—Of greater significance than the maximum (utilized) home range, 
the limits of which depend to some extent on particular fruit crops, is a constantly 
used central area within the home range of each coati band. It has been generally 
assumed that some area within the home range of each animal or social group is 
used more frequently than any other, and that this area probably contains the prin¬ 
ciple home sites and refuges and the most dependable food sources. Hayne’s 
activity center is an arbitrarily determined approximation of the focus of such an 
area, and some evidence of preferential use of the home range was produced by the 
studies mentioned earlier in which larger mammals or their tracks were observed 
directly. 
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I have already referred to the ‘‘core area” of the coati home ranges. This -was the 
area of hea\dest regular use throughout the entire period of obsen^ation, and was 
determined by inspecting the daily route maps for each band. Such areas of heavy 
Temporary use as the western part of Band 4’s range, which was visited frequently 
while the almendro trees there were in fruit but not before or after, were not 
included. Within each core area, the routes form a dense, tangled skein of tracings 
(see fig. 14). Outside of the core area, activity was conspicuously less concentrated. 



Pig. 13. Home range of Band 4. Trails are marked off in 100- 
meter sections, which are numbered on the map every 500 meters. 

The circled numbers refer to the roost trees listed in table 1. 

Broken line indicates the boundary of the home range. The core 
area is shaded. 

Even during those periods when areas outside the core area were temporarily 
receiving heavy use, the bands spent part of each day in the core area and almost 
always retired to a roost tree within the core area. Of 47 knovm roosts for the 
three bands, only 5 were outside of core areas, and 2 of these were in, or adjacent 
to, large trees in fruit. 

Band 3 served as a useful check on the possibility that the heavy use of the core 
areas was an artifact caused by the presence of food stations. Band 3 was never 
baited, and it followed the same pattern of home range use as did Bands 1 and 4. 

On three occasions a pair of juveniles (m32, f37) was separated from Band 3, 
and each time they returned to the same small area within the core area where they 
waited tmtil the band came by. On November 20 and December 13,1958,1 found 
them alone in the area between Snyder-Molino 2 and Lutz 4. They remained there 
until picked up by the band later the same day. Their mother disappeared on 
December 15, and on December 18, mS2 and f37 lost contact after dark just before 
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the band retired to roost tree #9, near Balboa 4. Five days later m32 turned up, 
alone and badly gashed, in the Synder-Molino 2-Lutz 4 area and was picked up by 
the band there; f37 was not seen again. 

After the core areas had been outlined on the maps, their areas and those of the 
full home ranges were determined with a planimeter. The time spent by each han/j 
in its core area was then computed, and compared with the total time of observation 
for each band. These figures are presented in table 7. 



“lost” 


The significant feature of these figures is not the approximate size of the home 
ranges, but rather that about 80 per cent of each band’s time was spent in a core 
area which included only about 40 i>er cent of the home range. 

Effects of succession .—The actual ground area of each range is somewhat 
larger thnn indicated, owing to the hilly nature of the terrain. Furthermore, the 
tropical forest is very much a three-dimensional habitat, and the range of any ani¬ 
mal with arboreal tendencies is also three-dimensional. Band I’s range was in an 
area of relatively early sucea^on, with few really large trees. Most of their con¬ 
siderable wanderings from the core area were trips to such preferred large fruit 


Kaufmann: Ecology and Social Behavior of the Coati 173 

trees as figs and hogplums. They did have the benefit of several species of second- 
gro^h trees with good fruit crops, such as Cecropia and Coiissarea. The ranges of 
Bands 3 and 4 included areas of somewhat more mature forest with more large 
fruit trees. Of the bands followed, only Band 5 was in an area of truly mature 
forest, and not enough data were collected on this band to shed any light on 
possible differences in home range size or on the extent of daily and seasonal move¬ 
ments. The possible qualitative and quantitative differences in the litter fauna in 
areas of different successional development are completely unknown, and are quite 
possibly more important than the presence of fruit trees, since the coati’s diet is 
composed almost entirely of litter animals for most of the year. 


TABLE 7 

COMPABISONS OF THE ArEA OF HOMB RANGES AND CORE ArEAS AND THE TiME SPENT IN EaCH 


Part of range 

Area 

to nearest hectare 
(and in acres*) 

Per cent of 
entire 
home range 

Hours 

observed* 

Per cent of 
total hours 
observed 

Band 1 





Home range. 


100 

300 

lOO 

Core area. 

20 (50) 

44 

245 

82 

Band 3 





Home range. 


100 

435 

100 

Core area. 

15 (35) 

37 

355 

82 

Band 4 





Home range. 

34 (85) 

100 

435 

100 

Core area.! 

15 (35) 

44 

350 

80 


* Rounded to the nearest 5. 


Overlap. —There is considerable overlap in the ranges of individual bands, as 
shown in figure 15. The ranges of Bands 4 and 5 overlapped, and other bands were 
seen from time to time within the home ranges of all of the bands followed. This was 
especially true in areas with large trees in fruit—several bands may include such 
areas in the peripheral part of their home ranges and visit them frequently during 
the fruiting season. In aU, twenty-two encounters between different bands were 
observed, ten of them between Bands 1 and 3. (The relations between bands are 
discussed more fully in the section on social behavior, but it should be noted here 
that there is usually little or no friction when bands meet, even within the core 
area of one of them.) However, the core areas of the bands did not overlap, and 
because each band spends eighty per cent of its time within its core area, band-to- 
band encounters are not very frequent, and effective spacing of the population is 
achieved. Thus the core areas fit Pitelka’s definition of “territory” quite well, even 
though they are not defended. There is possibly a direct eonection between the lack 
of territorial defense and the socially subordinate position of the -malfia 
Seasonal variation in use of home range. —The core areas were used consistently 
throughout the periods of observation, but some of the peripheral areas of the 
home ranges were visited only while certain fruit crops were available. Band 1 
\Tsited the southwestern extremities of its home range only while hogplums and 
figs were in fruit there during September and April, respectively. Band 3 visited 
the areas near Donato 3 and Shannon 4 only to feed on figs during January and 
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Fig. 15. Overlap in ranges of Bands 1 and 3. Kote that the core areas do not overlap. 


March, and Band 4 visited the peripheral areas of its range almost exclusively to 
feed on almendros during the dry season. Maps of the principal fruit trees in each 
of the home ranges are included in the section on food habits. 

During April, 1959, Band 1 ranged more widely than usual, which may have 
been a reflection of a shortage of food. I lost contact with them at the end of the 
month, and although they were seen within their usual range from time to time 
after that, they may have partly shifted their home range. Other considerations 
add to the uncertainty at this period: the gradual departure of the newly adult 
males, and a possible temporary break-up of the rest of the band despite the fact 
that none of the females bore young. 

SOLITABY ADULT MALES 

Because adult males could not be followed successfully, I have very little data on 
the extent of their home ranges, or on their movements within the ranges; how¬ 
ever, repeated observations of known individuals have provided some information. 
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Adult males as well as bands apparently have home ranges, since individuals 
were seen regularly and repeatedly in the same areas. MSa and MSd were both 
seen frequently near the laboratory during the first year of the study, and the 
sightings indicate ranges with minimum lengths and widths of 600 x 600 meters 
and 650 x 700 meters, respectively. There is no way of telling how far adult males 
may wander, but that they do so is indicated by a sighting of MSb 900 meters from 
his usual post in the laboratory clearing. MSf was frequently seen in the home 
range of Band 4, and during the mating period covered their entire range while 
traveling with them—an area with dimensions of 650 x 700 meters. How far he 
may have roamed at other times is not known. 

idthough I suspect that solitary males may wander more at times than do the 
bands, they are also more prone to take advantage of good food sources by settling 
down in a restricted area. Several such males were seen regularly in the laboratory 
clearing, where food was abundant, and apparently spent most of their time there. 
Other adult males made a habit of staying close to the artificial food stations while 
they were being supplied, and could usually be counted on to appear soon after the 
food did. However, the simultaneous possibility of frequent wanderings of con¬ 
siderable length is pointed up by the already-mentioned sighting of MSb, the most 
persistent of the clearing habitu6s. 

The ranges of the solitary males who lived in and near the clearing overlapped 
each other extensively, and a similar overlap was observed in the ranges of MSf 
and MSg in the area of Band 4’s range. The males do not defend any part of their 
ranges from other males, but usually do have some sort of brief contest (most often 
vocal, occasionally physical) when they meet at close range. The regular visitors 
to specific areas tolerate each other better, and several may feed close by each other 
with only occasional signs of friction, 

RELEVANT DATA ON OTHER MAMMALS 

Almost nothing is known of the size of home ranges of mammals in tropical forests. 
D. E. Davis (1945) found in Brazil that females of the common opossum (DideZ- 
pJiis marsupialis) stayed within an area with a diameter of 400 meters for 11 
months, and that the ranges overlapped. Males apparently wandered more, since 
of 5 marked and released, only 2 were recaptured. Davis also presented informa¬ 
tion on the home ranges of smaller opossums, and of 3 species of mice. But the 
only detailed data on the home range of a tropical forest mammal that compares 
in size and social organization with the coatis are those provided by C. R. Carpenter 
(1934) for the howler monkeys {Alomtta villosa=A. palliata) on Barro Colorado. 
One social group of 25 to 35 howlers was observed 73 times in 5 months (parts of 
successive dry seasons) and had a home range that was approximately circular, 
with a radius of about 600 yards and an area of about 300 acres. This group's range 
overlapped that of another group of about the same size, but with a smaller home 
range. Carpenter states that the probable reason for their smaller range was that 
this second group lived in an area of taller, denser forest. 

Information on the home range of another member of the Procyonidae_^the 

northern raccoon {Procyon Zo^or)—was collected by Stuewer (1943) in a study 
in Michigan involving extensive live-trapping. The longest diameters of known 
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ranges of 19 adult males averaged one mile, with, extremes of up to two miles; 17 
adult females had ranges with an average diameter of .7 miles, with extremes of 
up to 1.4 miles; and 27 juvenile males and 24 juvenile females had ranges vith 
average diameters of .7 miles and .5 miles, respectively. The ranges of males and of 
females with young overlapped, and twice pairs of dens were located only 600 
feet apart. 

Butterfield (1944) reported on the results of trapping raccoons in Ohio. Of 91 
raccoons retrapped in periods of up to two years, none was taken more than one 
nule from the original trap location, and the average movement recorded was 
slightly less than % mile. 

Patterns and Lengths of Movement 

Patterns of movements, —Coati bands typically spread out while moving and feed¬ 
ing, some of the members being as much as 100 meters apart at times. Although 
usually the spread is less, the members of a band are often out of sight of each 
other, and may be in any arrangement. 

Except during brief periods of actual running, coatis feed in the litter almost 
constantly as they move. They may stop feeding while going up or down a steep 
slope, but they frequently fed along the steep sides of ravines where I had trouble 
following them. There is no general tendency to follow contours, streams, or trails, 
though all of these are at times followed for distances of up to several hundred 
meters. Fallen trees are often used in crossing ravines and negotiating steep 
slopes. 

The bands move freely over their ranges without any consistent pattern. Figure 
16 shows four different routes of daily movement for Band 1. Sometimes their 
movements are direct and they cover relatively long distances in a few hours; at 
other times they circle repeatedly in a small area for anywhere from a few minutes 
to all day, often to eat ripe fruit on the gound. Coatis also may spend an hour or 
more searching in large patches of pinuela plants for insects. Sometimes they mill 
around simply feeding in the litter when no special attraction is apparent. Arbo¬ 
real feeding may also delay progress for periods varying from minutes to hours. 

Even on the more sustained marches, progress is variable. For long periods the 
bands move fairly steadily, feeding in the litter as they go. The maximum rate 
attained at such times is about 300 meters per hour, but this pace is seldom main¬ 
tained for long. These progressions are occasionally interrupted by periods of 
more rapid movement, with frequent short intervals of running without feeding. 
Some brief spurts of running have an obvious cause, such as a loud noise, but 
others seem spontaeous to an observer lacking the sense organs of a coati. More 
extended periods of rapid movement also occur and are especially tjT)ical of 
“uneasy” animals: bands in the rain, individuals or small groups isolated from 
the band, bands not accustomed to the presence of an observer, etc. Once the bands 
became accustomed to being followed, and I had become familiar with the terrain, 
I was in little danger of losing contact. 

Lengths of daily movements. —^The distances covered by Bands 1, 3, and 4 in 
their daily movements are summarised in figure 17 and table 8. These distances 
were measured from the daily routes plotted on maps, and represent minimum net 
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-Nov. 13, 10.5 hrs. -Mar. 31, 13 hrs. 

h-w-Nov. 21, 10.5 hrs. . Apr. 8, 11.5 hrs. 

Fig, 16. Selected daily routes of Band 1,1958-1959, showing typical patterns of movement. 
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movements of the whole group between landmarks (mostly trails) that could be 
located on maps. There was no way to measure the intricate, twisting paths actu¬ 
ally followed by the animals, and the actual distances traveled are much greater 
than those shown. A pedometer on my own belt was of no use because I coid not 
standardize my paces while keeping with the bands. 

Table 8 is compiled from all of the data on movements obtained from follow¬ 
ing these bands in the periods indicated. The total distance covered was di\’ided 


BANDS 

3 4 Total 



loOioOioOio loOinOinOio mOmOmoio lOOmOmOin 

-cviojrOro - cm cvi roto -cvJcvirOfO - cmcm ro ro 

I • • • 1 I I I I I I I I 1 I I I i I I I 1 

—‘"OmomO ~"if 50 ioOinO —loOiooioO —mOmOioO 

-CMCMtO -CM CMrO -CMCMfO -CM CM fO 

Meters traveled (lOO's) 

Fig. 17. Length of daily movements of Bands 1, 3, and 4, based on days for which continuous 
observations were made for at least 8 hours. Figures have been adjusted to a standard 12-hour 
day. 

by the total time of observation to get a rate, in meters per hour, that includes all 
of the coatis’ activities: moving, resting and grooming, and feeding in one place. 
This over-all rate was then multiplied by 12 to get a standardized approximation 
of a full day’s travel. There was close agreement between the distances thus com¬ 
puted and the actual distances covered during days when I was with the bands 
from dawn to dark. Figure 17 includes data only from those days when I was with 
the bands continuoudy for 8 hours or more. For comparison, each daily total was 
adjusted to a standard 12-hour day (e.g., distances covered in 10 hours were 
multiplied by 12/10). 
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The length of daily movements for the three bands was most often between 
1,500 and 2,000 meters. Each band made shorter daily movements in the dry than 
in the wet season, correlated with the increased amount of resting in the dry season. 
There was also some variation among the bands in average distances traveled daily; 
Bands 1 and 4 went farther than Band 3, even in the dry season, when Band 3 
rested less, only 8 per cent of the time, than Bands 1 and 4, with 18 and 14 per 
cent respectively. The difference between the average daily movements of Bands 
1 and 4 during the dry season is largely due to the availability of concentrated 
fruit crops to Band 4. 


TABLE 8 

Average Length of Daily Movements 


Band 

Hours 

observed 

Total movement 
in meters' 

Average day’s 
movement m meters' 
(meters per hour X 12) 

WET SEASON 

Band 1. 

162 5 

28,950 

2,150 

Band 3. 

250 5 

33,250 

1,600 

Band 4. 

72 

13,250 

2,200 

All. 

485 

75,450 

1,850 


DRY season 


Band 1. 

133 

19,800 

1,800 

Band 3. 

150 

15,850 

1,250 

Band 4^. 

243^ 

30,100b 

1,350b 

All. 

526 

65,750 

1,500 


Notb: Longest day’s movement observed: 3,350 meters in 11.5 hours with one 25-minute rest period. Band 1, Sep- 
^1^ Shortest day’s movement observed: 100 meters in 9.5 hours with no long rest period, Band 8, September 

* l^unded to the nearest 50. 

b Band 4 data only through April 1. 

C. E. Carpenter (1934) followed a elan of howler monkeys on Barro Colorado 
for 30 consecutive days in January, 1933. Their average daily movement was about 
200 meters, with a minimum of 50 meters and a maximum of 800 meters. 

Population Density and Fluctuation 

Density ,—^Because of violent fluctuations in the numbers of coatis in bands in the 
course of this study, and because adult males are hard to census, I had difiBculty 
compiling any meaningful expression of density on even that part of the island 
in which I worked intensively. Table 9 pi^esents density figures for bands in their 
core areas and for all coatis definitely known to be living in the entire home ranges. 
The contemporary overlapping ranges of Bands 1 and 3 are combined. There were 
quite possibly more adult males present in these areas than I have indicated, espe¬ 
cially in the vicinity of the laboratory clearing, where the solitary males congre¬ 
gated, (There were at least nine such males around the clearing in June, 1960). 
Since the solitary males tend both to wander and to settle at least temporarily in 
areas where food is plentiful, any census of them in a small area at a given time 
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can be only a rongli approximation. For this reason, the figures presented here 
should be taken only as an indication of the order of magnitude of the coati popu¬ 
lations in these areas. As an index to the relative density of coatis in bands, figures 
based on the core areas only are perhaps more significant than those based on the 
more variable overlapping home ranges. 

Butterfield (1944) reported densities for raccoons in Ohio of from 1/11.7 acres 
to 1/106 acres, depending on habitat and hunting pressure. 

Fluctuation .—The coati population that I watched on Barro Colorado suffered 
a great decrease in late 1958 and early 1959. When I arrived on the island in July, 
1958, coatis were common everywhere, and I soon had two bands that could be 


TABLE 9 

Densitt of Coati Population in Core Areas and Entire Home Ranges 
(Census taken m October of both years listed.) 



Core area 
density 

per 10 hectares* 

Entire home range 

Band 

Number 
in band 

[ 

number 
adult males 

Total 

number 

Density per 

10 hectares* 

Band 1 

6.5. 

13*> 

1 



(1958) 
Band 3 

6.0. 

9° 

1 ‘ 

28 

4.2 

(1958 

Band 4 

4.7. 

7^ 

2 

9 

2.6 

(1959) 





• Equals 25 acres. ^ Includes 4 juveniles, 

b Includes 2 juveniles. ^ Includes 3 juveniles. 


followed. In the ensuing months, however, they dwindled away, making it neces¬ 
sary for me to locate other bands for the second year's work. In September, 1958, 
there was a total of 7 juveniles in the two bands; by the following May only 1 was 
still alive. Of 6 adult females, 1 survived; of 7 subadult females, 4 survived. The 
4 subadult males in the two bands survived, and at least 3 of the 4 adult males 
also survived this period. Neither band produced offspring in 1959, and fewer 
coatis were seen on the island in the second year of the study. Band 5 dwindled 
similarly during the latter part of 1959 and was abandoned early in 1960. Band 4. 
however, suffered no losses between October, 1959, and April, 1960. At least 10 
new young were bom in April, and on June 4,8 of these were still alive. The losses 
for Bands 1, 3, and 4 are summarized in Table 10. 

There is no reliable way to census coatis in a large area, but a rough estimate of 
400 to 600 can be made for the entire island, based on a comparison of the total 
area of the island with the area for which I have density figures. The actual number 
apparently varies considerably from year to year (the population I was watching 
decreased by 50 per cent in 8 months), which leads to the conclusion that popula¬ 
tions of tropical mammals may fluctuate more than is generally believed. Further 
support for this conclusion comes from the periodic censuses of howler monkeys 
on Barro Colorado. Because of their limited mobility and convenient habit of 
howling at dawn, howlers are ideal subjects for a census. Table 11 s umm a r izes the 
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TABLE 10 

Mortality in 3 Coati Bands 


Number alive at end of month 


Month 

Band 1 
(1958-1959) 

Band 3 
(1958-1959) 

Band 4 
(1959-1960) 


15 




13 

9 



13 

9 

7 


13 

9 

7 


13 

7 

7 


9 

3 

7 

Feb. 

9 

3 

7 

Mar. 

9 

3 

7 


8* 

2b 

170 

]VIav . 

8® 

17 


8^ 


15^ 




* Three 2>3r^-old males leaving band, 5 females still in band. 

^ Two survivors join remnant of another band. 

«Minimum; young still in nests. 

^ Maximum; not seen after June 4. 

findings of C. R. Carpenter (1934), Collias and Sonthwick (1952), and Carpenter, 
Southwick, and Mason (personal communication from Dr. Carpenter, 1961). 

The size and composition (by age and sex groups) of the howler monkey clans 
was approximately the same in 1932, 1933, and 1959; as the total population in¬ 
creased, more clans were formed. The population decrease reported for 1951 
(which may have been caused by a yellow fever epidemic) resulted in a reduction 
of the clans to half their ‘‘normal” size, but there was no decrease in the number 
of clans from 1933. Chapman (1929) reported that the coati bands had from 15 
to 40 members each. This estimate, if accurate, would indicate a much larger 
population than was present in 1958-1960, when the bands were much smaller, 
with an observed maximum of under twenty individuals per band, and an average 
October band size of about ten. This sort of speculation tells us only that we are 
greatly in need of careful counts of tropical mammals—or at least of indices of 
population changes. 

Not even the immediate causes of death, much less the underlying causes of 
these fluctuations, are known. Coatis have remarkable powers of recovery from 
physical injury; gaping wounds were observed several times in both juveniles and 
adults, but seemed to cause no trouble and healed clean in a few weeks. However, 

TABLE 11 


Summary op Howler Monkey Censuses on Barro Colorado 


Year 

Total number 
of monkeys 

Number of 

elftTiR 

Average number 
per dan 

1932. 

398 

23 


1933. 

489 

28 


1951. 

237 

29 


1959. 

814 

44 
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such widespread disorders as hunger, the psychological effect of overcrowding, 
or an organic disease could cause general weakness that would result in deaths from 
a number of immediate causes—injuries, internal parasites, etc.—^which would 
ordinarily not be fatal. Most of the coatis simply disappeared, sometimes after 
appearing “sick'' or “sleepy” for a few days. Some were never seen again; the 
bodies I found were too far reduced by decay, maggots, and vultures to be of any 
help in determining the causes of death. 

The mechanism behind the fluctuations will probably not be discovered until 
much more is known about basic environmental influences. It would be interesting 
to know the effect on the litter fauna of recurring one-to-three year periods of 
unusual dr 3 niess (fig. 2), and the indirect effect they may have on animals that 
feed in the litter. If food in the litter should become scarce, the coatis would be 
hard-pressed, especially in years when the fruit crops were not large. Almendros 
and black palms, both mainstays in the first half of 1960, do not have large fruit 
crops every year and were not available in 1959. Enders (1935) and Chapman 
(1938) both commented on the scarcity of fruit during the 1932 dry season, appar¬ 
ently caused by very heavy rains during the flowering period the previous Novem¬ 
ber. Coatis, peccaries, and opossums were all short of food, and Chapman presented 
photographic evidence of the poor condition of white-lipped peccaries during this 
period. That such shortages of food may occur periodically m a humid tropical 
forest might seem novel, but the possibility points up the need for more careful 
investigation and fewer careless assumptions if we are ever to approach an under¬ 
standing of this complex habitat. 

FOOD HABITS 

Although the information on food habits that can be gained from direct observation 
is in some ways limited, the method has important advantages over the analysis of 
scats and stomach contents. Coatis usually swallow small litter animals before even 
a glimpse can be had of them, and guard their larger prey so well that it is an 
accomplishment just to know for certain whether it is a lizard or a crab being 
eaten. Thus no detailed lists of species or measured quantities of food animals can 
be compiled from direct observations. However, seats and stomach contents tell 
one little about timing and methods of search, procurement, killing, and eating. 
Pulpy fruits are more identifiable on or under the tree than in the stomach or 
feces. Direct observation often gives a truer picture of the relative importance of 
different food categories because seasonal and easily digested materials tend to be 
neglected in stomach and scat examination. Ideally, the methods should be com¬ 
bined. But collecting specimens for their stomachs is incompatible with a program 
of continuous observation, and there is no way of knowing how much the food 
habits of animals collected elsewhere differ from those in the area being studied. 
This problem is especially crucial with such an adaptable, opportunistic animal as 
the coati, and with such great variation in habitat as that between the island and 
nearby areas on the mainland. It is difficult to locate scats scattered at random in 
the tropical forest, and those I saw deposited added nothing to what I already knew 
from direct observation. Therefore, only information obtained by direct observa¬ 
tion of wild animals is included in the following discussion. 



Kaufmann: Ecology and Social Behavior of the Coati 183 

Animal Foods 

The animal foods that I observed coatis eating on Barro Colorado are summarized 
below. 

Aknelida 

Oligochaeta.—Earthworms are eaten from the litter. 

Aetheopoda 

Crustacea.—A land crab {JPseudothelphusa richmondi) is abundant on Barro Colorado, ranging 
widely tlnough the forest during the wet season and retreating to the streams in the dry season. 
Most of the crabs taken were found in the litter during the wet season: walking on the surface; 
under logs, piles of brush, or rocks; and in burrows. I saw 17 eaten in October, 15 in November, 6 
in December, 1 in January, and 5 in April (after heavy rains). 

Myriapoda.—^Millipedes v’ere eaten often, but no coatis were seen eating centipedes. 

Arachnida.—Tarantula*:, (Eurypelma, Sericopelma) were dug from their burrows throughout 
the year. Smaller spiders were also frequently taken, and I saw 2 scorpions eaten. 

Insecta.—Insects ’xi all life stages were taken in all levels of the forest from litter to upper 
canopy. Orthoptei Jis were among the most commonly caught: crickets in the litter, grasshoppers 
in clearings, and katydids from aU levels of the forest above the ground. Termites 

(Isoptera) were licked up from nests exposed in the litter on two occasions. Lepidopterans were 
frequently eaten, mostly larvae and pupae; I saw one adult Morpho captured and eaten. The 
multitudinous and ubiquitous Coleoptera are staples in the coati’s diet. Of the Hymenoptera, I saw 
only ants eaten by coatis. These were licked up from nests in the litter on 4 occasions. 

Mollusca 

Gastropoda.—Two species of snails, Orthalicus princeps (Broderip) and Lahyrinthus otis 
Pilsbry, were eaten occasionally during the wet season. 

Choedata 

Amphibia.—^Five specimens of CaecHia ochrocephala were captured on or just beneath the 
surface of the litter in the wet season. One large frog {Leptodactylus pentadactylus) was killed 
and eaten in November, 

Eeptilia.—The coatis I watched never showed any interest in snakes or turtles as food, but 
lizards were hotly pursued whenever they were encountered, and occasionally were dug from 
burrows. Ameiva undulata and A. f estiva were the species most commonly seen in the forest litter, 
and these were the only species I saw eaten by the coatis (a total of 9 in 2 years). 

Aves.—never saw a coati rob a nest or catch a bird. Tinamous {Tinamus major) and doves 
{Leptotila casainii) feeding on the ground near a foraging band of coatis were ignored on 
several occasions. 

Mammalia.—Small rodents were chased unsuccessfully on 4 occasions, and I saw only 2 mice 
eaten. Both were in burrows; one was dug out, the other was run down in the litter as it fled from 
a shallow burrow. A young agouti (Dasyprocta punctata) was chased by the subadult males in 
Band 1, but escaped down a burrow, and no effort was made to dig it out. An adult agouti was 
chased briefly by F42, but this was obviously not a serious attempt (see page 164). F51 was 
observed feeding on the remains of an agouti, but this was carrion-feeding and not predation. 
Coatis around the clearing also carried off the carcasses of a number of monkeys and a small 
ocelot which were placed under screens in the forest to be cleaned by maggots for skeletal 
preparations. 

Some of these foods (crabs, snails, caecilians) are seasonaL Others, such as taran¬ 
tulas, lizards, and small maTTimflla , are available, and eaten, at all seasons. But 
nothing is known of the seasonal changes in the quality and quantity of the smaller 
invertebrate litter fauna, or of seasonal changes in the use of this crucial source of 
food. 



184 


University of California Publications in Zoology 


LOCATION: SMELL VERSUS SIGHT 

Coatis use a variety of methods in searching for various animals, and most empha¬ 
size the dominant role played by olfaction in receiving stimuli from a distance. 
Almost all animal food is initially located by constant sniffing in the litter and 
low plants. Small animals a foot or more in the ground or several feet above the 
surface are pinpointed in this way, and are directly dug up or extracted from 
under bark or leaves or from clumps of debris where they could not possibly have 
been seen. Frequently a coati will walk by an unseen morsel, sniff, and turn back 
to eat it. The possibility that hearing aids in the location of small animals in the 
litter cannot be discounted, although I did not observe coatis obviously listening as 
they searched for food. 

When animals are flushed from the litter or low plants and fly or run away, they 
are followed by sight; but if, as commonly happens, they escape the initial rush, 
the search is resumed with the nose. When insects simply alight in the litter, there 
is sometimes a brief attempt, employing vision alone, to flush them by making a 
series of short pounces with the forepaws in the general vicinity where they were 
last seen. This, however, is often unsuccessful, and since larger animals head for 
more substantial cover, such as hollow logs and burrows, the excited sniffing begins 
again. 

Artiflcial feeding produces similar results. Coatis accustomed to being fed con¬ 
tinue to sniff in the litter at food stations, and do not go to plainly visible bread 
and bananas lying on the ground until their noses take them there. They watch 
when a small piece of bread is thrown and run to the spot where it falls, but fre¬ 
quently fail to notice it and walk past it. Eventually the food is located by more 
exploratory sniffing. 

The searching techniques of an adult male and an adult female were tested 
separately by placing a banana sis feet up in a tree. Both were aware of the bait 
and sniffed constantly, noses pointing up. They started about ten yards from the 
tree and seemed to be searching by trial and error at first. They walked around 
sniffing both at the ground and up in the air, then climbed several trees and vines 
for a few feet, sniffed in all directions, descended, and tried elsewhere. They moved 
slowly m the right direction until within two yards of the correct tree, then went 
directly to it and up to the fruit. Although they could obviously smell the banana 
from a considerable distance, they were unable to locate it precisely at a distance 
greater than about ten feet. 

Chapman (1938) tested the ability of an adult male to locate bananas by sus¬ 
pending one from a horizontal wire 20 feet above the ground. The coati first lo¬ 
cated it by sniffing in all directions from the ground and climbing a short way up 
various trees until he found the one to which the horizontal wire was attached—a 
procedure similar to that used by the two coatis described above. After Chapman’s 
male learned to retrieve the bait by walking the tight wire, he was able to detect 
the presence of a banana even when it was enclosed in a box, but he ignored the 
box when it was empty. He also ignored a carved, painted wooden banana when 
it was displayed alone and easily distinguished it from several real ones with a 
quick sniff. 
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These observations indicate that a coati's nose is quite an efficient sensory recep¬ 
tor, and that the eyes are relatively little used for locating food. 

FORAGING METHODS 

Coatis spend most of their waking hours feeding in the forest litter as they circle 
through their home range (pi. 12). They sniff along, pausing frequently to pick 
up small invertebrates with their teeth, or makmg short quick rushes to catch with 
the front paws those that flee. Rocks are turned, and sticks and palm fronds are 
turned over and ripped apart with the front claws. One solitary male was seen 
catching the crickets that were fleeing before an advancing swarm of army ants 
{Eciton sp.). Occasionally a lizard or mouse is scared up and a very excited chase 
ensues; often several members of the coati band join in the scramble before the 
prey is caught or, more often, escapes down a hole. 

Coatis frequently dig small pits in the ground, from which they pick small 
arthropods neatly with the teeth, or scoop them out and eat them from the paw. 
Most of these pits are less than two inches deep and one to two inches in diameter 
at the top. Occasionally narrow pits up to thirteen inches deep are dug, from 
which perhaps several morsels are extracted at different stages of the digging. 
This is approximately the length of a foreleg of an adult, and these pits are just 
large enough to insert one foreleg (or the snout) at a time. 

Table 12 and figure 18 show the results of counts of the number of small litter 
invertebrates eaten by coatis in five-minute periods. The counts were confined to 
periods of uninterrupted litter feeding in areas without heavy underbrush, and 
varied m length from five to twenty-five minutes. Only the tamest animals in the 
bands could be used for the counts, since it was necessary to stay very close to an 
individual in order to hear or see when something was eaten. Even then it was 
difficult to be sure, especially if more than one animal was taken from a single pit, 
so that the numbers of successes should only be taken as rough estimates. Further¬ 
more, these counts give no indication of the actual biomass involved. Because of 
these large sources of error no comparisons will be made between counts made at 
dififerent seasons, or in different areas. 

Williams (1941) made a rough estimate of the biomass of the litter fauna on 
Barro Colorado in July. Using his own figures for the numbers of animals, and 
figures from a study in lUmois for the average weights of each group, he presented 
a figure of 15.53 grams per square meter, or about 138 pounds per acre. Williams 
states that these figures are too low for several reasons, but they do give an order 
of magnitude. His data suggest a greatly decreased density of litter animals at 
night, which could be due to their migration either down into the soil, or up into 
the plant strata. In either case, they would be less easily available to the coatis, 
which may be a major factor iofluencing the coati’s diurnal rhythm. 

Williams also found a rough positive correlation between litter moisture and 
the density of the litter fauna, and a gradual increase in the litter fauna during 
July. The latter data are only fragmentary, but they suggest a possible build-up 
during the early part of the wet season after a presumed low during the dry season. 
Dammerman (1925), working in a monsoon forest in the Bast Indies, reported a 
low in the litter fauna during the dry season and a high during the wet season. 
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TABLE 12 

Epficienct of Litteb Feeding 


Sex and age of coati 

Idinutes 

observed 

Number of 
successes* 

Average 
per minute 

Adult females (3). 

70 

94 

1.34 

Subadult males (3). 

60 

81 

1.36 

Juveniles (7). 

125 

159 

1.27 


* Each litter ammal eaten counts as one success. 


Several factors, however, complicated the generally positive correlation between 
moisture and density of litter fauna. 

None of the data mentioned here is conclusive, and no detailed ecological study 
of the coati in the tropical forest can be completed until an adequate study is made 
of the litter fauna. Ideally, such a study should be continued for several consecu¬ 
tive years and should include samples of the upper layers of the soil as well as the 
litter, since coatis dig for much of their food. 

Large scale excavations are made to capture tarantulas, crabs, lizards, and mice 
that take refuge in burrows (pi. 12). I have seen coatis spend up to forty minutes 
on such excavations, partly or wholly disappearing from view as the tunnel grew 
longer. Usually, however, the job is completed in ten minutes or less. 



Successes per five-minute period 

Fig. 18. Number of observation periods in which given num¬ 
bers of animals were eaten. Observations were made for periods 
of 5 or more consecutive minutes; each litter animal eaten was 
counted as one success. For example, in 19 of the 51-fLve-minute 
periods, 7 animals were eaten. 
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"WTiatever the depth of the hole, from less than an inch to three feet or more, the 
technique of digging is the same. Both front feet are used alternately and rapidly 
while the dirt showers out behind. Every few seconds the paws are withdrawn and 
the snout is thrust as far as possible into the hole. The digger frequently backs out 
of large excavations to look around, and on these occasions may drag out some of 
the loose dirt accumulating in the hole. The loose material dug out is also investi¬ 
gated with the nose. But I have never seen a coati dig with its snout—all of the 
actual di gging is done with the strong-clawed front feet. Published statements 
attributing the small pits dug by coatis to hoglike rooting are apparently the 
result of careless observation or assumption. 

Occasionally the digging is in vain, but if it is prolonged one can be reasonably 
sure that the coati knows the location of the prey and will eventually come up 
with it. The imminent capture of a vertebrate or large invertebrate is signaled by 
an increase in the tempo of the digging and sniffing, accompanied by various 
grunts and squeaks. 

Adult coatis seem to be the most persistent diggers. One lizard was chased into 
a burrow by a juvenile female, who followed it in past her shoulders, and backed 
out with the lizard in her jaws. She carried it off a few yards to eat it, but soon 
the lizard came racing back, minus its tail. This time it took refuge in a deeper 
hole, but was seen by the young coati’s mother, who set about digging it out. The 
juvenile ate the wildly flopping tail, then came over to see about the rest of “her” 
lizard. She was chased off, however, and soon gave up. The adult female dug for 
ten minutes before she was able to reach and 1^ the lizard. Two other females— 
an adult and a subadult—chased a lizard down a burrow at the base of a tree. Both 
sniffed around excitedly and began digging. But after ten minutes the younger 
animal gave up, and the adult dug alone for thirty minutes more before she made 
the kiU. Besides several smaller holes, which the younger female helped to dig, she 
dug an excavation three feet long, by one foot wide, by one foot deep. Digging 
was greatly hampered by the network of tree roots and several of these were bitten 
through, or grasped in the teeth and pulled until they broke. Another adult female 
dug a lizard from a burrow in twenty minutes, completely disappearing into her 
excavation, which extended more than three feet into the hillside. Chapman (1938) 
saw an adult male coati dig a tarantula out of loose All in the clearing; a hole 
thirty-two inches deep by fourteen mches wide at the mouth was completed in five 
minutes. 

Crabs are dug from shallow holes in stream beds or trapped in pools. One fe¬ 
male that had just captured and eaten two crabs in a stream in which she was 
prowling, moved into a small pool and “dredged” the bottom. She moved her paws 
straight forward and back in parallel, alternate motions that seemed very me¬ 
chanical in contrast to the fidgety movements of a raccoon as it explores the bottom 
of a pool in all directions. Band 1 was the only band whose home range boundaries 
included part of the lake khore. Although they went near the shore on their travels 
occasionally, they never foraged there or took any particular notice of it. 

Stumps and fallen logs receive close attention from foraging coatis (pi. 13). 
Often crabs are cat^ht under logs or stumi)s, and I once saw a mouse run out un¬ 
noticed from under a log that was being swarmed over by a band of very excited 
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eoatis. More often the yield is millipedes and insects. The bark is ripped off, and 
if the wood is well decayed the whole log may be ripped apart by the powerful 
forepaws, with pauses while the ever-useful snout sorts through the debris. Blow¬ 
downs, with their tangles of logs, binish, and low plants, are favorite foraging 
places. Dead stubs are climbed and searched from top to bottom (pi. 14). I once 
saw three subadults nearly demolish a rotten twelve-foot stub which they all 
climbed and attacked simultaneously, ripping off large pieces with their forepaws 
as they dug to the diminishing support. 

Many insects are captured above the ground in low plants and hanging debris. 
Patches of pinuela {Ananas magdalenae) are favorite hunting grounds and are 
worked over carefully. All parts of the plant above ground are investigated. The 
eoatis rear up on their hind legs to examine the long narrow leaves for insects 
hiding in the creases where the leaves are bent down (pi. 15). They also pull back 
the leaves to examine their bases, and dig in the fleshy base of the plant. 

A clump of small palms is similarly investigated, the eoatis sniffing and digging 
at the base, rearing up on their hind legs, climbing up into the clump, or jumping 
up and pulling down individual fronds. Eotting palm fronds and clusters of dead 
leaves and moss in low bushes are pulled apart with the front paws, and the insects 
in them are snapped up with the teeth. Frequently large flying insects are found 
in such places, and these are pursued to their landing place if they escape the 
initial grab. One female reared up and batted at a hanging stick, then grabbed 
it in both paws, bit off a piece, examined it, and tried another piece before she 
found what she had smelled there. 

Six times I saw foraging eoatis ascend living trees to hunt for food in the rotten 
wood in large cavities. 


KILLING METHODS 

Several methods are used by eoatis for killing their varied prey. Perhaps the most 
distinctive is the habit of ‘‘rolling” certain small animals under the front feet, as 
discussed by Ingles (1957). The victim is pulled into the open and rolled rapidly 
under the thick pads of both forepaws in an alternating back-and-forth motion. 
The “dredging” movements of the female in the stream pool were a slow-motion 
version of this action, just as the raccoon “dredging” is similar to the nervous 
rolling of small objects by raccoons. (Raccoons also use these rolling movements 
to kill small arthropods and fish.) Rolling is usually continued until after the 
animal is dead and well mangled. This method of dealing with the prey presumably 
serves two functions: the killing of animals that have harmful bites or stings with 
a minimum chance of being hurt by them, and the removing of various hairs, 
bristles, and chitinous structures that make some invertebrates difficult or un¬ 
pleasant to eat. Most of the animals rolled have these characteristics: small crabs, 
arachnids, bristly caterpillars, stinging insects such as wasps, and beetles and 
other insects with spiny projections on the exoskeleton. There are no hard and 
fast roles as to what should be rolled, and young eoatis tend to roll a greater vari¬ 
ety of animals than do adults. Vertebrates are usually not rolled, but I saw an 
adult female make rolling motions on the upturned belly of a large frog she had 
just killed, even though the frog did not roll and the sMn was not broken. A juve- 
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nile that had been isolated from other coatis before her eyes opened rolled mice 
that Tv^ere fed to her several months later. She had never fed on live food, and 
the rolling was rather clumsy. A wild juvenile in one of the bands pounced on a 
scorpion and rolled it under her paws, but she stopped and bit at it before it was 
dead. She was stung on her right forepaw and on her mouth, but chewed and 
swallowed the scorpion and merely shook her paw and scratched at her snout a 
couple of times. Although the rolling response is present in coatis that have never 
seen the action performed, it seems less efficient in inexperienced coatis. Both the 
technique and the choice of objects to be rolled are refined with experience 

Although tarantulas are invariably rolled, land crabs are usually dealt with 
differently. Experienced coatis first drag or maneuver the crab into the open, and 
then usually pin the chelae with the forepaws and bite through the front of the 
carapace. The claws may be bitten off immediately (even before the crab is killed), 
or left until last. I watched an adult female handle a crab that had backed into a 
small niche under a log and was defending itself well in these close quarters by 
waving its chelae back and forth in the coati’s face. She began by digging out the 
dirt under the log, getting more room in which to maneuver. Then she dislodged 
the crab from its refuge with a quick motion of her paws. Once she had the crab 
in the open, she quickly pounced on it and bit off its claws. 

The coati typieaily pins vertebrates with its forepaws, and the kill is made 
cleanly by a quick bite through the skull. This is not so simple with a caecilian 
since the head is so small and poorly defined. These animals are bitten several 
times (just as likely on the hind end as on the front) and then are eaten, starting 
at one end. If the hind end is chosen, the animal may remain alive for some time. 
Lizards and mice present no problem, and once pinned by the paws are quickly 
killed by a bite through the head. Several large spiny rats {Proechimys semi- 
spinosiLs) that were given to captive coatis caused more trouble, however. Care was 
required in biting the head to avoid the rat’s teeth, and several bites were re¬ 
quired for the kill. Inexperienced coatis showed poor technique, failing to pin the 
rat effectively, biting indiscriminately at any part of the body and having tug-of- 
war bouts with other coatis with the still-living prey. 

EATINO METHODS 

Different foods are also eaten in different ways. Most small invertebrates are 
chewed whole just as they are picked up. Small animals that are rolled are also 
picked up in the teeth and eaten whole. The carapace of a crab is opened with the 
front paws and teeth, and the contents are licked out. Some pieces are chewed up, 
shell and all. Large insects, tarantulas, and vertebrates are manipulated with the 
forepaws so that the head is pointed up, and this is usually eaten first. Then the 
bites progress posteriorly. With insects, small lizards, and mice this is a fairly tidy 
process. Caecilians, being so thin and rubbery, are hard to manipulate and to bite 
into pieces. The usual solution is to hold one end down with the forepaws and pull 
up on the other end with the teeth until a piece comes off, when the rest snaps back 
like a rubber band. With larger vertebrates, the process is not very regular. Often, 
after biting the head for the Mil, aU or part of the head is eaten; but then the 
beUy and/or chest cavity may be split open with the forepaws and teeth, and the 
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contents eaten. The large Leptodactylus frog I saw eaten had its tongue and mouth 
lining eaten first, and then progressively more posterior portions. The spiny rats 
usually had their body cavities slit open early in the eating process. Toward the 
end of such meals, as various parts became detached, the pattern broke down. 
Every part of small animals, including small vertebrates, was usually eaten; but 
pieces of sMn and bone were often left from the rats. 

Although I have never seen coatis do this in the field, captives sometimes carry 
pieces of food in their teeth to the water pan, drop them in, and stir them around 
with a forepaw. This is a well-known habit of Procyon; however, the raccoons 
actively manipulate such objects in their dexterous fingers instead of just stirring 
them around as do coatis. Clean food is just as likely to be'Vashed” as is food that 
is covered with dirt or trash. 

Coatis do not voluntarily share food, nor do they store it. AJl of their food is 
eaten where it is found or caught, except when an individual carries a particularly 
choice item (e.g., a small vertebrate or land crab) a short distance from the rest 
of the band to avoid sharing it. 


Plant Poods 

'WTiile on Barro Colorado I observ^ed coatis eating from all of the plants listed in 
the table on page 190 (scientific names from Standley, 1933). I am indebted to 
Dr. John Ebinger, then a graduate student in botany at Tale University, for 
identifying some of the plants. 

This is by no means an exhaustive list of the fruits eaten by coatis on Barro 
Colorado, since many species that might be eaten do not occur in the ranges of the 
coatis I followed, and some of those that do occur were not in fruit. Some that were 
in fruit only one year of the two (black palm, almendro) were probably the single 
most important items in the coatis^ diet while they were available. 

Only the fruits were eaten from these plants, except for Ananas magdalenae. 
The pinuela did not fruit during the course of this study but on three occasions 
coatis were seen to pull up or knock over small plants with their paws, exposing 
the succulent white leaf bases, which were bitten off and eaten. 

The several species of wild figs (Ficus) were collectively the most important 
fruits in the coatis’ diet. Some of them were available in almost every month, the 
fruit crops were very large, and the trees are widely distributed. The almendros 
are also widely distributed and produce large, long-lasting fruit crops. When al¬ 
mendros were available, the coatis in Band 4 adapted their whole pattern of daily 
movements to take advantage of each tree as it came into fruit. This species, how¬ 
ever, produces significant crops of fruit only every other year, and none was avail¬ 
able to Bands 1 and 3 duriug the 1959 dry season. The abundant black palms also 
bear prolific crops of fruit that were used heavily by Band 4 in 1960, but were not 
available the previous year. Scheelea palms provided food for all three bands, 
though the fruits were not so attractive as the pulpier ones of the black palm. There 
were large crops of hogplums both years, and they were visited frequently during 
the fruiting season by the bands in the Donato 3-Barboux 3 area, where these trees 
are concentrated. While the almendros were still available, Band 4 also ate large 
amounts of Chrysophyllmn fruits; these trees were all located within the band’s 
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core area. Miconia fruits are small and dry, but the trees are widely distributed and 
were carefully picked over. The dry fruit spikes of the Gecropia trees near the 
clearing were also favorites of the coatis and were available in large quantities for 
several months. 

Coussarea is a small tree with small fruits and a limited fruiting season, but this 
was the only fruit available to Band 1 in the latter part of the wet season. Mangos 
are cultivated trees found where settlements once existed. Although none was in 
the home ranges of the bands I followed, several trees in other parts of the island 
bore heavy fruit crops and were much visited by the coatis living there. The other 
trees listed {Anacardium, Annona, Apeiba, Cupania, Calocarpum) were of miuor 
importance: either they were not common or did not produce much fruit, or the 
fruit was not very attractive to the coatis. 

SEASONAL USE OF FRUITS 

Table 13 summaries the seasonal use of fruit by the coatis. The dry season is the 
principal fruit season, and 87 per cent of all arboreal feeding occurred then. This 
amounted to only from 5 to 7 per cent of the total active time during the season, but 
more time was spent eating fruit on the ground than in trees. Some arboreal feed¬ 
ing went on at all hours of the day, but there was a large peak of arboreal feeding 
from 0600 to 0800 and a smaller peak from 1600 to 1800. The morning and evening 
peaks are partly due to the fact that roost trees were often adjacent to fruit trees, 
and the coatis fed before descending and after ascending. 

Figures 19 and 20 show the location of the principal fruit trees that bore crops 
in the combiued ranges of Bands 1 and 3 (1958-1959), and that of Band 4 (1959- 
1960). Crops of Spondias, Cupania, and Ficus fruit were apparently responsible 
for Band I’s temporary wanderings into the southern extremity of its home range, 
and Ficus crops were what drew Band 3 temporarily to the areas near Donato 3 
and Shannon 4. Almost all of Band 4's travels outside of the core area took place in 
the almendro season, to the almendros in the western and southeastern parts of 
their home range (see fig. 13). 

FRUIT-GATHERING METHODS 

Fruits of most species are eaten both from the tree and on the ground. Often part 
of a band will feed aloft while the other members feed on fallen fruit. Juveniles 
especially tend to stay on the ground if the trees are large, pickmg up the partly 
eaten fruits dropped by the older animals as they move from branch to branch. 
Toward the end of their first year, however, the juveniles show no hesitation in 
making long climbs for fruit. 

The only fruits I saw eaten exclusively from the ground were those of the black 
palm (a small tree whose trunk is densely covered with sharp spiues several inches 
long) and Apeiba. The dry pods of the latter were opened only rarely in passing 
and were apparently not worth climbing for. Miconia and Gecropia fruits were 
always eaten directly from the tree. 

The nuts of the Scheelea palm can be taken while a coati is comfortably perched 
on the large inflorescence or in the tree's dense crown. But the fruits of other species 
usually grow on the tips of dender branches and excellent balance as well as clever 
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■ Ficus • An none 

“ Schee/ea ® Coussarea 

® Miconia ® Spondias 

^ Cecropia o Cupania 

Fig. 19. Principal fruit trees which, supplied food for Bands 1 and 3, September, 1958, to May, 
1959. Trees which were not in fruit in this period are not shown. 


footwork are reqiiired to harvest them. The coatis go right to the tip of many 
branches to bite off the fruits, and the tips of those too slender for adequate support 
are pulled in by a carefuUy stretched-out forepaw. The branch may then be held by 
both front paws while the fruit is bitten off and the coati maintains its supporting 
hold with the back feet. Fruit on nearby branches is also reached in this way; coatis 
stretch their bodies between two limbs or rear up on their hind legs to extend their 
upward reach. There are few fruits on any tree not accessible to the persistent 
coatis, which seem totally unperturbed by their precarious positions, even when a 
strong wind is blowing. 
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a ° Astrocaryum 

0 Scheelea ^ Dipteryx 

. Miconia ^ Chrysophyllum 


Fig, 20. Principal fmit trees wMcli supplied food for Band 4, October, 1959, to June, 1960. Trees 
which were not in fruit in this period are not ^own. 


EATING METHODS 

Although a coati’s front paws are not nearly so dextrous as those of a raccoon, he 
makes good use of them while eating. Large fruits are ripped apart with the paws, 
and the pulp dug out. Frequently such fruit is eaten directly from the paws; then, 
if the fruit is sticky, the paws are carefully licked. Paws are also used to brush food 
from the Ups. Banana skins are frequently opened with the snout while the fruit is 
held between the paws. Hard fruits such as palm nuts and ahnendros, of which only 
the outer pulp is eaten, are held between both front paws on the ground or branch 
while the pulp is chewed off at the side of the jaws (pL 16). 

Fruits such as hogplums are taken into the mouth whole, the pulp is chewed off, 
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and the seeds are spit out. Often while chewing and swallowing frait, especially if 
it is soft or juicy, coatis tilt the head back and make a series of jerkj^ gulping 
movements. 

Water 

Free water is available in the forest at all times. When a band crosses a stream some 
or all members usually pause to drink (pi. 16). Even when the streams dry up there 
are scattered pools and innumerable small pockets of accumulated rain water. 
Coatis are adept at finding small puddles in cavities between the roots and but¬ 
tresses of trees, in holes left where limbs have rotted off, tree crotches, woodpecker 
holes in fallen logs, fallen palm spadices, large fallen leaves, and hollows in rock<^. 
Many such ca^uties are deep and have small surfaces for evaporation, so that water 
remains in them for long periods. During the wet season they are filled constantly, 
and often supply water during even the driest parts of the dry season. It was 
amusing to see a band of coatis line up to drink from a puddle, especially if it was 
in a tree crotch three or four feet from the ground. There was always some jostling 
for position on the ground and on the trunk, and occasionally the last in line foiuid 
the hollow empty. 

Although Band I’s home range was partly bounded by the lake there was never 
any need for them to drink there, and I never obser^^ed them doing so. 

Coatis curl their snouts up clear of the water -when drinking, and lap rapidly 
with the tongue in an irregular pattern punctuated with short pauses. 

Urination and Deiecation 

The coatis displayed no tendency to deposit their scats in any particular place. Be¬ 
fore descending from their roost trees in the morning, they usually urinated and 
defecated, and this was often the first indication that they were awake. During the 
day they dropped scats or urinated anj’where, on the ground or from the trees. The 
position assumed by both males and females is a partial squat with the hind legs 
slightly spread. 

Twice I saw juveniles eating fresh scats (origin uncertain), and three times I 
saw adult females reingesting material they had just vomited. 

Literature 

Published reports on coati food habits are almost as varied as they are numerous. 
There is general agreement that coatis eat a great variety of animals: moUuscs, 
crabs, arachnids, insects, lizards, birds and their eggs, rodents, and carrion. And 
the collective published list of plant foods includes just about every conspicuous 
natural and cultivated fruit available where coatis are found. 

It is to be expected that different items are emphasized at different times and in 
different habitats. Some authors, however, even though careful to describe the wide 
range of coati foods, have perhaps overemphasized the role of the coati as a preda¬ 
tor on vertebrates. On Barro Colorado itself. Chapman (1929,1938) was concerned 
for the future of birds nesting on or near the ground in the face of an “undisputed 
increase” m the numbers of coatis; and Van Tyne (1929) stated, “The nests of 
ant birds and other small birds are found to suffer severely from the raids of 
coatis..Enders (1935) listed the coati as “a great enemy, possibly the worst” 
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of grriBlI opossum Mamiosa, and stated that in the vicinity of the laboratory 
clearins, where the eoatis were most abundant, “How any bird or rodent survives 
is a constant source of wonder.” These views were mostly based, however, on the 
enthusiasm and slrill with which eoatis took advantage of proffered eggs and of 
mrmmals in traps and cages. If the eoatis were significantly more abundant on the 
island thirty years ago, their effect on vertebrates may well have been greater than 
it is now. But Chapman himself was unable, over a ten-year period, to detect any 
adverse effect on the numbers of birds owing to coati predation. He even noted 
that the bird for which he feared most—^the tinamou (Tinamus major )—^had in¬ 
creased while the coati was also gaining in numbers (Chapman, 1938). 

Wallmo and GaUizioli (1954) reported alleged raids of eoatis on a robin’s nest, 
stpiirrels’ nests, and poultry yards in Arizona, but they found only insects and wild 
fruits in the stomachs and scats they examined. A number of other authors (Azara, 
lb38: Cabrera and Tepes, 1940; Gaumer, 1917; Ingles, 1957) stressed the im¬ 
portance of invertebrates and fruit in the coati’s diet, and the relatively small 
part usually played by vertebrates. The weight of good evidence supports their 
conclusions. 


Summary and Perspective 

The food habits of eoatis are of interest chiefly because of the variability and adap¬ 
tability they demonstrate. The small invertebrates in the low plants and litter of 
the forest are the Barro Colorado eoatis’ chief year-round source of food, and over 
95 per cent of their active hours are spent hunting for these animals. The eoatis’ 
phj-sical adaptations fit them well for such work: highly developed olfactory equip¬ 
ment for locating small, unseen prey; and powerful clawed front feet for digging 
and ripping that prey from its strongholds in the ground and fallen logs. Coatis 
make little effort to search out larger prey, and vertebrates are only incidental 
items in their diet. 

The eoatis’ quick reactions and formidable weapons enable them to handle larger 
prey readily whenever it is encountered. Under certain conditions they can become 
efficient predators, and individuals may develop considerable skill as hunters. But 
their usual pattern of noisy, unalert foraging is not an efficient one for the capture 
of vertebrates. Coatis have not developed the precise stalking and attack proced¬ 
ures that typify the hunting behavior of such ^eeialized carnivores as the cats 
(Leyhausen, 1956). 

Coatis are preeminent opportunists with large appetites, and they are quidb to 
take advantage of any dietary good fortune that comes their way. Sharp, strongly 
curved hind daws, and an excellent sense of balance aided by their long tail adapt 
coatis for agile aboreal maneuvering and enable them to partake heavily of any 
seasonal fruit crops. For short periods these fruits may even provide the greater 
part of the coatis’ diet. 

A further demonstration of the coatis’ adaptable eating habits is the alacrity 
and persistence with which they descend on particularly fine concentrations of 
food. They often center their activities not only on such natural bonanzas as large 
crops of figs and almendros, but on cultivated crops, orchards, and garbage piles 
as weU. They frequent a source regularly until it is exhausted, or until a more 
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attractive one becomes available elsewhere. Thus the laboratory clearing on Barro 
Colorado, with its generous handouts, abundant fruits, large insects and taran¬ 
tulas, and populations of lizards and mice displaced periodically by grass cutting 
and clearing operations, has long been a gathering place for coatis. Enders (1935) 
and Chapman (1938) both commented on the abundance of coatis in the clearing, 
and on their disappearance at times when large natural fruit crops became avail¬ 
able in the forest. 

The solitary males especially tend to congregate and stay in such places. The 
bands also take advantage of these special food sources and frequent peripheral 
areas of their home range to do so. But they seem to include such areas in their 
regular travels rather than settling down there as do some males. The bands I 
baited came and went with great independence, and sometimes I waited for them 
at food stations in vain for days or weeks; Band 1 made frequent but irregular 
visits to the clearing while covering the rest of its range in an apparently normal 
manner. In contrast, several adult males would sit for hours at a food station or 
outside the kitchen door, waiting for a handout. This was one reason why my data 
on the ‘‘natural” behavior of such males are so meager; individuals tame enough 
to follow usually were not inclined to move, and so we sat and watched each other. 

Attempts to study coati food habits with captive animals pointed up the dangers 
of generalizing from the results of artificial behavior experiments. The experiments 
helped to clarify certain points, but much of the information gained from them 
was misleading. Poods that were readily eaten in the wild, including such favored 
prey animals as tarantulas and land crabs, were ignored in the pens. Even when 
tarantulas were attacked, the coatis showed little enthusiasm; the rolling process 
was poorly developed, and the tarantulas often survived, or if killed, were not 
eaten. This occurred with adult coatis that on other occasions had shown not only 
their liking for such prey but their skill in dealing with it. These captives were not 
overfed and still accepted other food readily. Semitame coatis in the clearing and 
even in the forest often showed a similar lack of response to proffered food items 
that normally they would have fought over. 

Spiny rats, however, were usually attacked immediately in the pens, and the 
readiness of wild coatis to take small mammals from traps has already been men¬ 
tioned. Alleged instances of wild and tame coatis raiding poultry yards have been 
noted by Wallmo and Gallizioli, 1954, and Aldrich and Bole, 1937. These cases 
emphasize the coatis^ strong liking for vertebrates and their readiness to accept 
them when they are easily accessible, but should not be taken to mean that coatis 
normally concentrate on vertebrates, 

SUMMARY 

The coati {Nasua narica) was studied at the Smithsonian Institution’s field station 
on Barro Colorado Island, Panama, from July, 1958, to June, 1960. Field observa¬ 
tions of wild coatis were made throughout the island, and close contact was estab¬ 
lished with five bands. Four of these were followed intensively for periods of up to 
nine months each. In addition, nineteen coatis, including one entire small band, 
were kept in captivity for varying lengths of time, and two litters bom in captivity. 

Coatis are chiefly diurnal; the daylight hours are spent traveling and feeding, 
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and there are occasional rest periods. At night the coatis -asiially retire to one of a 
number of roost trees scattered over their home range, and sleep from approxi¬ 
mately sunset to sunrise. However, adult males are often active at night and there 
is considerable nocturnal activity in the mating period. 

The females, and males up to two years old, are grouped into loosely organized 
bands with from about four to twenty members, based on the family unit of an 
adult female and her young of the past two years. When the males become sexually 
mature at the end of their second year, they take up a solitary existence. Mutual 
hostility almost invariably marks the encounters between adult males, but actual 
fights are rare except in the mating period. Members of bands are usually hostile 
to adult males when they meet, attacking and driving them off, but are less hostile 
to members of other bands. Within a band the closest bonds are between adult fe¬ 
males and their young of the year. There is no clearly defined dominance hierarchy, 
except that juveniles, due to the active support of their mothers, are generally 
dominant over subadults and adults. Mutual grooming between members of a band 
is common, but there is little cooperation of other kinds, and there is always active 
competition for food. 

The coatis on Barro Colorado have a single annual breeding season. The mating 
period lasts for about one month early in the dry season. At this time an adult male 
typically joins each band and stays with it during the entire mating period. He is 
completely subordinate to the females in the band. He grooms with them and sleeps 
in the same roost tree on most nights; copulation takes place mostly at night. Other 
solitary males, especially younger males without bands of their own, often ap¬ 
proach the bands, but they are usually resisted by the females, and are attacked 
and driven off by the adult male accompanying the band. 

The gestation period is ten to eleven weeks, putting the time of birth near the 
transition from dry season to wet season. In 1959 the young were bom in May and 
June; in 1960 the first litters were seen in mid-April. About one week before the 
young are bom, the pregnant females individually leave the band and build tree 
nests. The young are bom in the nests and stay there for about five weeks. During 
this time the females divide their time between caring for their young and foraging 
alone for their own food. The nonbreeders in the band apparently remain more or 
less together during this period, although the maturing males are becoming more 
independent as the time when they will leave the bands permanently approaches. 
When the young are able to run and climb well enough to keep up with the band 
they are brought to the ground and the band reimites. In 1960 this happened in 
early May. 

The bands have undefended, overlapping home ranges; those that I measured 
ranged from 34 to 45 hectares. Within each home range is a core area that is used 
constantly throughout the year; the peripheral areas of the range are visited only 
intermittently except when preferred fruits are available. The core areas do not 
overlap, and each band spent about 80 per cent of the time that I observed it in its 
core area. Thus effective spacing of the population is achieved without strict terri¬ 
torial defense. The average of the daily nimiTiTmn net movements of bands was 
between 1,500 and 2,000 meters; some bands traveled more than others, and all 
bands traveled more in the wet than in the dry season. Adult males apparently 
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also have home ranges, but are more inclined both to wander and to localize near 
particularly good food sources. Between September, 1958, and April, 1959, the 
population I was following closely decreased from about 30 to 15 individuals, and 
there was very little reproduction in 1959. Breeding was more successful in 1960, 
and the population increased. The fragmentary evidence available indicates that 
populations of tropical mammals may not be so stable as is commonly assumed, 

Coatis are omnivorous. Their principal source of food is the invertebrate fauna 
of the forest litter. They readily chase and eat small vertebrates, but do not seem 
to put much effort into searching for them; vertebrates were only an incidental 
item in the diet of the coatis I watched. A wide variety of fruits is eaten in season, 
and for short periods a single species of fruit may be the main item in the diet. 

The behavior of coatis in general is flexible and opportunistic, which probably 
accounts in large measure for their success in a wide variety of habitats. 
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Juveniles in alarm position on tree. 
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6. Self-grooming witli the teeth. 
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a. Typical scratching posture. 




i. Typical scratching posture. 
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a. Band of adult females and 9-month-old youag foraging (Band 4, January, 1960). 



h. Adult females with their 6-week-old young (Band 4, May, 1960). 
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1). Group grooming session between adult male (second from left"), adult female (third from 
left), and her young, in the mating period (Band 4, January, 1960). 
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a. Adult male rubbing urine on liana during mating period. 
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THE INTEGEATIOX OF AOOXISTIC BEHAVIOR 
IN THE STELLER’S JAY, CYANOCITTA 
STELLERI (OMELIN) 

BY 

JERBAM L. BEOW 

(A coatribntioii from the hloseam of Vertebrate Zoology of the Bniveraity of Califomia) 


INTRODUCTION 

Perspectiye 


Aggressive behavioe has cektral importance in contemporary ethological the¬ 
ories concerned with the evolution and “motivation” of behavior. It is hoped that 
the work reported here will serve to give these theories a firmer foundation in fact 
and to lead to modifications where appropriate. At the same time the work is 
exploratory, in the sense that it deals with a species whose agonistic behavior has 
not received any significant previous study, the Stdler’s jay (Cyanocitta stelleri). 

Conspicuous in most animals are behavioral responses concerned with escape, 
detense, and offense. These behavior patterns may be discussed collectively as 
nsonistic behavior. The necessity for self-protection and the often opposing tend¬ 
ency toward aggressive intraspecifie competition have placed a selective advan¬ 
tage upon certain patterns of agonistic behavior. In many species of birds and 
mammals such behavior has an important influence, not only on the lives of indi- 
viduals, but also on the form of social organization characteristic of the species, 
winch in turn is closely related to the ecology of the species. As a consequence of 
the important role which aggressiveness plays, complex behavior patterns have 
ttohcd; con^icuous structures have evolved in some species to supplement or 
reinforce those patterns. Many characteristics of birds, such as their songs, onlig 
displays, and coloration, are thought to have evolved in the service of agonistic 
l»ehavior. 


The many advantages of birds as subjects for behavior study have resulted in 
a large body of data on agonistic behavior in birds. It is, therefore, not surprising 
that the theories concerned with the motivation and evolution of avian displays 
observed in aggressive contexts have been prominent among recent behavioral 
studies. Concerning the evolution of behavior patterns, theories have been pro- 
po-sed that various displays, many of them hostile, have been derived from move¬ 
ments which initiate locomotion (Daanje, 1951), from d%lacement activities 
(finbei^en, 19ol), and from autonomic regulation of feather posture (Morris 
19o6 . The theoretical influence of the nature of the nesting environment on the 
evolution oi hostile displays has also been studied (Cullen, 1957). Concerning 
? behavior, the authors of many recent studies have theorized 
tha,t hortile di^lays m a variety of species have, as their “motivation,” charac- 
toistie states of conflict between attack and escape “drives” or “tendencies” (e a 
linbergen, 19o9). ^ 

“motivation,” of agonistic behavior has 
attracted considerable attention. The SteUer’s jay has been e^eciaUy useful for 
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the study of this problem, because of the complexity of its behavior patterns, the 
ease with which aggressive encounters could be studied in the wild in color-banded 
individuals, and the unusual advantages for study provided by the crest. These 
factors have allowed the quantitative study of certain aspects of integration 
which had previously been studied largely by qualitative methods. 

Because comparisons with other species are useful primarily with reference 
to evolutionary problems, and because the focus in this paper is on the integration 
of agonistic behavior rather than its evolution, few such comparisons are made 
here. References to works on the integration of behavior are limited in the main 
to general theory, because species differences make comparisons of specific be¬ 
havior patterns difficult to interpret. Some comparisons have been made, how¬ 
ever, with the European jay (Garrulus glandarius), since it was the only other 
jay for which detailed published descriptions of behavior were available when 
this paper was written. 

An Approach to Basic Problems 

The basic problems of the study of animal behavior may be classified under: 
(1) the evolution of beha^dor patterns and abilities; and (2) the integration of 
behavior (including its ontogeny). 

In this paper the term ^‘integration of behavior” wiU be used in the sense of 
the processes which coordinate effector actions into behavior patterns. The de¬ 
termination of which effector processes or combinations of them are to be acti¬ 
vated or inhibited in any situation depends primarily upon two gi'oups of factors: 
(1) the physical and chemical phenomena which constitute the impinging ex¬ 
ternal and internal stimuli to the receptors; and (2) the biological phenomena 
which constitute the integrative mechanisms of the individual. Among the more 
complex integrative mechanisms of behavior are the phenomena that have been 
loosely referred to as motivation. This paper is concerned primarily with those 
integrating mechanisms which might be classed as the motivation of agonistic 
behavior. 

When exploring the integrative mechanisms which intercede between receptors 
and effectors, the inquirer should consider the central nervous processes, even in 
a purely behavioral study. Because changes in the environmental stimuli eliciting 
agonistic behavior are relatively easily observable and generally known, and be¬ 
cause they exert their influences on behavior through the central nervous system 
(CNS), the problems in the study of the integration of agonistic behavior focus 
on the neural mechanisms which are inevitably involved. In order ultimately to 
understand the integrative processes of behavior it would be desirable to know 
the spatial and temporal patterns of activation and inhibition throughout the 
nervous system which accompany and determine, or “motivate,” each behavioral 
act. I believe that more progress can be made in this field by setting up physio¬ 
logical hypotheses that recognize the fundamental role of the CNS and incor¬ 
porate both behavioral and physiological information than by restricting the 
interpretation of bdiavioral observations to purely behavioristic correlations. 
Only by explicit recognition of the processes of the nervous system can the inte¬ 
gration of any behavior be understood. 
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Considerations of purely behavioral observations cannot alone reveal how the 
CXS integrates behavior. However, changes in behavior generally involve changed 
neural states, and so a basis exists for inferring changes in neural activity from 
obsen’ed changes in behavior—^with appropriate precautions and qualifications, 
of coiu’se. It is this very correspondence between behavior and neural activity 
which allows the beha^doral study of ^'motivation.” When behavioral observations 
may be organized into meaningful patterns capable of being confirmed by other 
investigators, properties of the CNS responsible for the integration of these pat¬ 
terns may be postulated, and the investigation of these patterns may proceed 
further. Such studies result in theories which are more amenable to testing by 
neurophysiological methods. Therefore, the basic assumption of the behavioral 
approach to the problem of the integration of behavior is that useful information 
concerning the integration of behavior by the CNS may be derived from strictly 
behavioral observations, provided their interpretation is cognizant of phj^sio- 
logical knowledge. 

Although any single observation of behavior in a bird supplies some informa¬ 
tion concerning activity which has occurred in the CNS, the investigator may, 
by combining various types of concurrent observations, especially in a quanti¬ 
tative manner, state much more accurately his hypotheses predicating certain 
coordmative properties of the CNS for particular types of behavior and thus 
make his theories more susceptible to further testing behaviorally and physio¬ 
logically. Therefore, the behavioral observations, and especially those concerning 
crest elevation and associated behavior, will be considered here in respect to the 
information which they contribute to our understanding of integrative prop¬ 
erties of the CNS for aggressive behavior. 

The principal method by which observations of behavior in the field and in 
the laboratory have contributed to our understanding of the integration of be¬ 
havior has been as follows. When the functional type of behavior (such as feed¬ 
ing, avoidance, aggression, etc.) remained the same but its intensity or frequency 
increased, it has been assumed that the populations of neurons responsible for 
the type of behavior in question were more active (firing more frequently as a 
population). Such a point of view was explicitly stated by the psychologist 
Steller (1960:1509), when he expressed the following working assumption: “From 
a physiological point of view, drive, whatever its origin, must be equivalent to 
the degree of activation or arousal of the excitatory neural mechanism operating 
in motivation.” Using implanted electrodes, similar increases in intensity in a 
given type of behavior have been obtained by increasing the intensity or duration 
of electrical stimulation (von Holst, 1957; de Molina and Huni^erger, 1959). 
These experiments support the validity of the assumption to a considerable 
extent. In the wild animal, however, the decision whether certain behavior pat¬ 
terns are to be interpreted as due to activation of one pool of neurons or of two 
or more such pools may become arbitrary. Furthermore, it would be naive to 
think that complex behavior sequences are integrated by only one population of 
neurons (Hinde, 1959). 

It is necessary to distinguish clearly between (1) empirical observations of 
behavior and (2) theoretical inferences concerning integrating mechanisms (e.g., 
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tGrritorial boxmdariGS was eliaractaristic of Stellor’s jays but not of scrub jays; 
bowever, neither species conspicuously avoided territories occupied by the other 
species. 

The habitat of Steller’s jays in western North America roughly coincides with 
coniferous forests in the Transition and Canadian zones, but in the Berkeley region 
and elsewhere in coastal Califorina the species occurs in broad-sclerophyll forest 
and areas where groves of eucalyptus trees occur adjacent to such forest. The jays 
in the study area made heavy use of acorns in their diet, but this is not typical for 
the species as a whole. 

Steller’s jays in this region were typically paired and on their territories at aU 
seasons. No migration was detectable, and changing of mates was rare. Local dis¬ 
persal of the fall population seemed to be accomplished by first-year birds. Court¬ 
ship typically began in March or April. After several days of displaying (special 
displays designated here as Sexual Sidling and Circling^) by the male, courtship 
feeding of the female by the male became common, and continued through the 
period of incubation and brooding. Young were raised in May and June and were 
fed by parents into July. Molt occurred from June through September. Seasonal 
changes in sexual and aggressive activities roughly paralleled the seasonal changes 
in relative frequency of vocalizations shown in figure 1. Courtship and nesting 
activities occasionally occurred on warm fall days. But no completed nests were 
found at that season. 

Although territories and territorial behavior will be referred to, the Steller^s 
jay was not conspicuously territorial in the currently accepted meaning of the 
term. There was an area, centered on the nest, within which each paired male jay 
was dominant to all other jays all year. In the same area his female was dominant 
to all other females. As the distance from this area increased, the number of jays 
subordinate to him decreased and the number dominant to him increased. Ideally, 
therefore, the dominance relations of any territorial male or female with other 
jays in the population may be regarded as a series of concentric zones of decreas¬ 
ing dominance as the distance from the nest area increases. The overlapping of 
each individual’s zones with the zones of other members of the population resulted 
in a complex dominance structure within the population such that dominance 
hierarchies recorded at any two points not far apart usually differed in the relative 
status of at least a few jays and were never, or only rarely, dissociated from the 
local environment context (Brown, 1963). 

Within an hour it was often possible to observe aggressive encounters among 
ten or more individuals at certain locations. The fact that from such observations 
it was possible to construct dominance hierarchies for almost any location in the 
study area at all times of year shows that territory defense was not complete, and 
that jays commonly ranged into neighboring, and even distant, territories. 

Defense of the area very close to an active nest was conspicuous. Defense of the 
area of dominance occurred, but unpredictably. The same intruding individual 
might be attacked at some times and ignored at others, even during nesting. Such 
attacks were most frequent during the prenesting phase, but even then were not 
completely predictable. In contrast, territorial defense in the scrub jay was much 

* See note 4 below. 
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more thorongli, and neighbors rarely entered another jay’s territory in the breed¬ 
ing season, although flocks of unpaired and young jays did so in the fall and 
winter. 

In the 63 acres of the study area, in 1960, there were 12 nesting pairs of Steller’s 
jays (19 pairs per 100 acres) and 2 pairs of scrub jays. All of these Steller’s jays 
could be seen at certain centrally located sources of food, and occasionally others 
would be present also. The distances between nests of adjacent pairs ranged from 
280 feet to 550 feet. 

Perhaps as a result of the fact that the dominance relationships in Steller’s jay 
populations were complex and were continually undergoing readjustment, whereas 
the dominance relationships in the scrub jay were much simpler, the vocabulary 
of the Steller’s jay, used principally in aggressive encounters, was more extensive 
than that of the scrub jay. Displays were also much more frequent in the Steller’s 
jay. The two principal displays were Wing-spreading at low levels of arousal and 
Aggressive Sidling at high levels, but various other movements and positions of 
the crest, tail, wings, and body were also employed. The two principal displays, 
various other positions and movements, and the eleven vocalizations which are 
here formally recognized^ are listed in the Contents and are discussed separately 
in the text. 

Study Area 

Observations of the behavior of Steller’s jays were made in TUden Regional Park, 
Alameda and Contra Costa counties, California. The population of jays inhabiting 
the Indian Camp picnic area was chosen for concentrated study because of the 
relatively high population density there, and because these jays were tolerant of 
unusually close approach by man. The area was heavily used by picnickers on 
weekends from April through October, and school children in busloads visited 
the area almost daily in dry weather during the school year. Therefore, the jays 
in this area were accustomed to the presence of people and to the habit of gleaning 
scraps of food from picnic tables and garbage cans. It seems doubtful that the 
scraps left by picnickers served to increase the resident population density, be¬ 
cause scraps were minimal during the winter and early spring when normal foods 
were least available to jays. It can hardly be questioned, however, that continual 
exposure to human beings was important in making possible the striking tameness 
of many of these birds. Because fleld work was conducted primarily early in the 
morning and in the colder months, human disturbances were minimal while the 
birds were being observed. 

All generalizations in this paper apply only to the population at Indian Camp, 
unless I have specifically stated otherwme. 

The picnic area is shaded by an open stand of tall eucalyptus trees {Bucalyptus 
spp.). On the southwest side of the picnic area rises a steep hill densely covered 
with blocks of coast live oak (Quercus agrifolia) interspersed with patches of 
chaparral. Along the northeast side flows Wildcat Creek, which is bordered by 
large live oaks and California laurds {Umbellularia califomica). Eastward, be¬ 
yond the creek, lies an extensive and dense stand of eucalyptus. The jays of this 
population nested almost invariably high in eucalyptus trees, but at the same time 


See note 4 below. 




Fig. 1. Seasonal variation in frequency of TTing-spreading and six calls in a population 
of Stdler's jays in the year 1959. Each dot represents a period of two hours or longer at 
comparable times in the morning in the Indian Camp study area. At the end of each 
period in the study area the frequencies of the various behavior patterns were scored on 
a relative scale, as follows: 0, absent; 1, present but rare; 2, moderately common; 3, com¬ 
mon; 4, abundant. The trend lines were jdotted from the average scores for successive 
twenty-day periods, which are represented by open circles. Compare table 12. 
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close to an area of oaks or laurels. The mosaic of vegetation types and the creek 
thus provided them with a variety of ecological requirements. The jays utilized 
the eucalyptus for nest sites; the oaks, laurels, and small grassy areas for foraging; 
and the creek for mud, other nesting materials, and water. 

Observations 

Field observations were made all through the year. Their seasonal distribution is 
indicated in figure 1, which shows that they were made more frequently during 
the early part of the breeding season. Observations were made for periods of two 
to four hours in the morninfi, when the jays were most active. In the period from 
March, 1957, through April, 1960, observations were made on 316 days and totaled 
approximately 730 hours in the study area. 

Methods 

BANDING 

Prom May, 1957, until September, 1959, birds were trapped on picnic tables, sun- 
fiower seeds being used as bait; and a few were caught in a mist net while they 
were mobbing an owl skin. Bach jay was given a numbered metal band and a 
distinctive combination of colored plastic bands which made individual recogni¬ 
tion possible. 

In all, 114 SteUer’s jays were banded at Indian Camp. Of the 54 birds banded 
in their first year, only 9 were seen in the study area much later than the date of 
banding; and in only 1 of these was any breeding activity observed in its first 
year. Of the 58 birds banded as adults, 28 were present in the breeding season of 
1960, and, in addition, others were regularly observed in 1959. Since it proved 
impractical to observe young or unpaired birds as they reached maturity, the 
observations were made almost exclusively on previously paired adults. 

In 1960,11 pairs in which both members were banded and 6 pairs in which only 
one member was banded were located. In 1959, the numbers were 9 and 2 respec¬ 
tively; and in 1958, 2 and 4. In 1959 and 1960, it was uncommon to see unbanded 
jays in the study area during the breeding season, and those that were seen could 
usually be recognized as the mates of banded individuals who nested at the periph¬ 
ery of the study area. 

SEX AND AGE DETERMINATION 

The morphological character found most useful in sexing jays was the presence of 
an incubation patch. Behavioral characters were found to be more useful than 
morphological ones, and quite reliable, especially when two or more were combined. 
The only jays of uncertain sex were almost invariably birds which were rarely or 
never observed again after being banded; consequently, sex determination was not 
an important problem. 

Females could be recognized by the Rattle and Ow^ calls, by their passive role 
in courtship, by their role as recipient in courtship feeding, and by their exclusive 
role in incubation. Males could be recognized by the Musical and TooJeet calls, 
and by their active role in courtship and in courtship feeding. Evidence substan¬ 
tiating the use of these behavioral characters for sex identification will be given 


® See note 4 below. 
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later. Only the most reliable and useful characters for sexing are listed above. 
There are many other physical and behavioral differences between the sexes which 
are strongly suggestive and usually reliable, and which, though not mentioned 
here, may serve to corroborate sex determinations, especially when made on the 
bases of few observations. A summary of some differences between the sexes is 
foimd in tables 1 and 2. 


TABLE 1 

Chtteria for Determination op Sex in Color-banded Steller’s Jays 


Charactenstio 

Male 

Female 

Bill and body size in mated 



pair. 

Larger 

Smaller 

Incubation patch. 

Absent at all times 

Present during brooding phase 

Incubation. 

Not observed 

i Incubates 

Courtship: 



Role in Circling and Sidling. 

Usually active; rarely passive 

Usually passive; rarely active 

Role in mounting. 

Active (no exceptions seen) 

Passive (no exceptions seen) 

Role in courtship feeding.. 

Feeder (no exceptions seen) 

Recipient (no exceptions seen) 

Dominance: 

In mated pair, except in 



brooding phase. 

Dominant to mate 

Subordinate to mate 

In large group. 

Generally dominant to females 

Generally subordinate to most 
males 

Aggressive Sidling. 

In 90 of 96 observations 

In 6 of 05 observations 

Aerial chasing. 

Chaser in 23 of 27 observations 

Chaser in 4 of 27 observations 


Note: Certain Tooalizationa were found more useful than other criteria; the observed sex ratios for each call are shown 
in table 2. 


The criteria used for age determination were those described by Pitelka 
(1958:40). 

ESTIMATION OF CREST ANGLE 

The elevation of the crest was estimated as the acute angle which the upper two- 
thirds of the anterior edge of the crest made with the long axist of the bill, as shown 
in figure 11. The basal part of the crest on the forehead was not included in the 
estimate. The anterior edge of the crest was usually straight, but if a wind was 
blowing it might be deflected in any direction; therefore, when the anterior edge 
was for any reason sufficiently curved to make the estimate questionable, the 
observation was not used. Although a general impression of the angle of the crest 
could be obtained in almost any view of the bird, it was necessary to have a lateral 
view at fairly close range to make an accurate estimate. 

It was found practicable to estimate the crest angle in 10-degree intervals from 
0 degrees to 90 degrees. The angle could be somewhat below 0 degrees and rarely 
greater than 90 degrees; such extremes were included in the 0-degree and 90-degree 
groups respectively. Along with the angle of the crest the whole aspects of the head 
changed; this provided other cues which made the estimate easier. For example, 
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the area of the side of the face appeared much smaller when the crest was down 
than when it was up. In addition, the outline of the back of the crest varied, making 
the 60-degree angle easy to recognize because it gave the face the appearance of an 
equilateral triangle. And the position of the apex of the crest varied from close to 
the back of the neck to over the base of the bill. 


TABLE 2 

Comparisons op the Number op Occasions on Which Each Sex op the 
Steller’s Jay Was Observed Giving the Principal Calls 


Vocalization 

Number by 

Per cent 
by Female 

Male 

Female 

Total 

Song. 

45 

8 

53 

15 

Guttural with Weak Wing-spread.. . 

24 

19 

43 

44 

Rattle. 

0 

107 

107 

100 

Musical. 

125 

0 

125 

0 

Ow . 

+ 

21 

21 i 

100 

Guttural with Strong Wing-spread... 

100 

22 

122 

18 

Growl. 

36 

2 

38 

5 

Tee-ar . 

37 

2 

39 

5 

Wah . 

124 

70 

194 

36 

Shook . 

123 

16 

139 

12 

To(hleet . 

26 

0 

26 

0 


Note: Data were drawn from, observations of crest angle during these calls. A “plus” means the call was recorded 
by that sex, but not within the same class of data from which the^ records were drawn (see text). 


SONOGRAMS 

Vocalizations were recorded in the field with a Magnemite 610-E tape recorder 
at a tape speed of 15 inches per second, using an Electrovoice 665 microphone 
mounted on an aluminum parabolic reflector. The tapes were played back on a 
Viking Model 75 recorder adapted to operate at 15 inches per second. Analyses 
were made with a Kay Electric Company Sonograph using the “high shape” filter 
and the wide band-pass setting. (See pis. 1 and 2.) 
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POSTUEES AND MOVEMENTS 
Wing-spreading 

Wing-spreading TV'as both the most conspicuous and most common display of the 
Steller’s jay except for elevation of the crest and flicking of the tail. The term 
“Wing-spreading'"* vill be employed here to include the display described below 
when accompanied by Guttni*al notes. Slight flicking movements of the folded 
wings were usually accompanied by other calls and occurred in very different 
contexts; they will be referred to as “Wing-flicking” and will be discussed sep¬ 
arately. Wing-flicking and low-intensity Wing-spreading were thus superficially 
alike, but differed in many ways, of which the accompanying vocalization was the 
most convenient to use for practical separation (see subsection on Wing-flicking, 
below). 

Although Wing-spreading resembled the begging of juveniles or subordinates 
for food, it was used in a much greater variety of contexts, and differed from 
begging both in the form of the display and in the calls associated with it (see 
below, under the topic of gaping and appeasement begging). Wing-spreading was 
commonly performed by both sexes, but it was observed more often in males than 
in females, as is shown in table 2 under Guttural with Weak and Strong Wing¬ 
spreading. 

FORM 

Wing-spreading is illustrated in figure 12. It could be performed while the jay 
was perched with the body at any one of a variety of angles, but was rarely ob- 
ser\"ed in birds that were in the extreme horizontal crouching positions which were 
often used in juvenile or female soliciting. The legs were flexed normally, neither 
unusually extended nor retracted. In the lowest and most common level of inten¬ 
sity, which was most similar to Wing-flicking, the wings were lifted slightly away 
from the body briefly (intensity level 1). At intermediate intensities (level 2), 
the wings were jerked farther away from the body, in a motion that spread the 
primaries only partially, although not so little that the outer primaries made an 
angle with the horizontal of less than 45 degrees. At the highest intensities (level 
3), the primaries were fully outstretched, and the outer primaries thus approached 
a horizontal position. The secondaries were rarely spread, even at high intensities, 
and the wrist usually remained fairly close to the body. 

The conspicuousness of the wings in these positions was increased by outward 
jerks of the wing tips at a rate often faster than one per second. The wings were 
not generally fluttered or vibrated up and down, but were jerked in and out, 
folding and unfolding the flight feathers. The head and neck were not extended, 
but were kept in a normal position, with the bill horizontal. The tail could be 
flicked upward if the bird had recently landed, but afterward it was generally 
motionless, except for slight jerks accompanying the spreading of the wings (see 
table 3). The displaying bird usually faced the individual which elicited the 

‘ The names formaUy designating certain postures, movements, behavior patterns, and vocali¬ 
zations which I found to be characteristic or otherwise of particular significance in this study, 
are emphasized here by being capitalized. Of the calls, only those that closely approximate the 
sounds themsdves are in itancs. 
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display. The crest tended to be at an intermediate height (see Guttural, Weak and 
Strong, in fig. 8), with a mode at 20 degrees for levels 0 and 1 combined (Weak 
Guttural), and at 40 degrees for levels 2 and 3 combined (Strong Guttural), The 
means for Weak and Strong Gutturals are, respectively, 39 and 37 degrees. 


TABLE 3 

COBRELATIONS OP InTENSITIBS OP WiNG-SPREADING ACCOMPANIED BY GuTTURALS 
■WITH TaIL-PLICKING AND TaIL-SPREADING 



Note: Winat-spreadinn was scored es follows: 0 = no movement, 1 = folded wings held 1-2 cm off the back, 2 = wing*, 
partly spread, with outer primaiies near vertical, 3 * wings spread with outer primaries near horizontal. Intensity 80.*1(» 
is further explained under table 4. 


The displaying bird in these positions drew attention by sounding a Guttural 
note which may be represented as ut at low intensities and aap at higher intensities. 
Females sometimes gave the Ow call in this display, which sounded like a modified 
Guttural note. The display was invariably accompanied by one of these calls, but 
the calls were not always accompanied by Wing-spreading. In intensity level 0 
the call was given with no perceptible Wing-flickmg or Wing-spreading. Virtually 
no otlier calls were observed during Wing-spreading. The call, the spreading of 
the wings, and the fiicking of the tail, if any, were usually synchronized. The 
whole performance might be continued at varying intensity levels for up to two 
or three minutes, with slight changes m the bird^s location. 

CONTEXTS 

Seasonal frequency. —^Wing-spreading was observed in every month, and days 
on which it was not observed within a period of two hours were usually rare 
(fig. 1). It was most frequent in April of 1958 and in March of 1959 and 1960, and 
least frequent in November and December. 

Identity of jays performing Wing-spreading. —^At low intensities of Wing- 
spreading (levels 0 and 1), 44 per cent of the 43 individuals of known sex giving 
the Guttural notes were females (table 2). At high-intensity levels (levels 2 and 
3), only 18 per cent of the 122 individuals of known sex were females. Of 258 
recorded observations of Wing-spreading, almost all were of birds known to be 
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Fig. 2. Locations where 'Vring-spreading was perfonned bj four territorial male Steller’s 
jays in the spring of 1959, in Indian Camp pienie area. Overlap of plotted points is pri¬ 
marily the result of spatiotemporal shifts in dominance of individuals during the season. 


paired and possessing territories. None of tlie observations were of the few birds 
known or suspected to be without a territory. Unpaired birds were rarely obsen'ed 
in "Wing-spreading, with the exception of female XW-'WW, who gave this display 
commonly in the ten-day period between losing one mate and acquiring another in 
December, 1959. However, unlike most unpaired jays, she had a strong territorial 
attachment, resulting from her long period of being paired to her earlier mate 
(X-TT). The dight increase in the frequency of Wing-spreading by XW-'WW at 
this time seemed to be stimulated not by the process of finding another mate, but 
by an increase in the number of intrimions into her territory by other jays, which 
increase in turn resulted in part from the fact that sunflower seeds were put out 
by the investigator as bait, but ^eciaUy from the absence of the formerly domi¬ 
nant male (X-TY). 
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Location,—When the locations where Wing-spreading was observed were 
plotted on a map, they were found to be mainly confined to the individual jay’s 
own territory (as shown in fig. 2). Wing-spreading was not recorded more than a 
short distance from the territory, although both sexes frequently flew long dis¬ 
tances into other territories. 

Wing-spreading was not restricted to the nest area, the border area, or any 
particular area within the territory. It was usually given as a response to intrud¬ 
ing jays, and therefore was most frequent at those places where contacts between 
neighboring pairs were most common. Such places were not restricted to territorial 
boundaries, but often occurred within a territory where food, water, or nesting 
material attracted jays from neighboring areas. 

Agonistic situations. —The common occurrence of Wing-spreading as a terri¬ 
torial response indicates that with it may often be associated a degree of agonistic 
arousal. However, fights, chases, and supplanting attacks very rarely followed 
Wing-spreading. Similarly, escape behavior was uncommon following Wing¬ 
spreading. I often received the impression that the neurobehavioral mechanisms 
(NBM’s) for attack were somehow being inhibited, or that some other type of 
frustration was occurring. Such impressions rely on the temporal proximity of 
Wing-spreading to acts which by their nature were mutually exclusive with terri¬ 
torial defense, such as foraging or the storing of food. 

Close association with the mate may be one of these acts which inhibits the 
NBM’s for attack. On one occasion (April 21, 1958) a male gave the display at 
other jays which were on a picnic table beneath his nest. Despite this male’s lack 
of attack or other indications of strong arousal (e.g., ‘‘threats”) which would 
normally have been expected, the other jays soon left. Then the male quickly 
obtained an item of food and flew to the nest, where he fed the female. In this 
case it would appear that the NBM’s for feeding the female competed with the 
NBM s for defending the nest area, and hence resulted in a less vigorous response 
to the intruding jays near the nest. 

A more common case of association with the opposite sex in the same temporal 
sequence with Wing-spreading occurred during territorial encounters between 
pairs at the mutual border of their territories. In such situations one or aU of the 
birds gave the Wing-spreading display, and usually all of them gave some varia¬ 
tion of the Guttural call. Other pairs or individuals were sometimes attracted also. 
The defending males typically perched 6-12 inches from their own females, and 
the two opposing males one or more feet apart from each other, with their females 
slightly farther apart, so that the males often were between the females. As the 
excitement declined, such pairs frequently showed indications of actual courtship 
behavior; and, in fact, full-intensity courtship displays were normally preceded 
by Wing-spreading and Gutturals in groups of excited birds. Such groups may be 
homologous to the “courtship parties” or “spring gatherings” observed in some 
other species of jays (e.g., Cyanocitta cristata, Oarrulus glandarius) (Hardy, 
1961; Goodwin, 1951). Thus, Wing-spreading was frequently associated with sex¬ 
ual behavior and with a low frequency of attack. 

Behavioral contexts suggest that other types of frustration arising from com¬ 
peting NBM’s may also have elicited Wing-spreading. Birds carrying twigs or 
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other nesting material sometimes gave the display with the material still in their 
bills. It was not uncommon to observe that a bird who had just filled its mouth 
with sunflower seeds would give the Wing-spreading display previous to storing 
the seeds, but that on his return, having disposed of the seeds and being pre¬ 
sumably uninhibited by the NBM’s for storing, he would supplant or chase away 
the jays who previously had elicited the Wing-spreading. 

Avoidance of a dominant opponent also appeared to conflict with NBM's for 
aggression. Jays who had been supplanted just outside their area of dominance 
sometimes showed Wing-spreading afterward, either near the location of the 
encounter or after returning to their own territories. Similarly, after fighting or 
other types of high-arousal aggressive encounters, one or both opponents some¬ 
times retreated toward their o^vn territories and performed Wing-spreading. A 
similar conflict between NBM’s for territory defense and avoidance of the oppo¬ 
nent was probably also present in many of the encounters in which pairs met and 
gave the Wing-spreading display at their mutual territorial boundary. 

Other situations ,—^AU the contexts mentioned above seem to involve situations 
which tjrpically elicited territorial defense or other overt aggressiveness; however, 
Wing-spreading was sometimes observed in contexts which suggested that activa¬ 
tion of defense NBM’s was not necessarily importantly involved. On a few occa¬ 
sions jays gave this display while eyeing the bait inside a trap. And certain indi¬ 
viduals, who learned to follow me when I arrived in the morning until I put out 
bait, would commonly display at me, then cease and immediately fly to the bait 
when it was offered. They would even follow me into neighboring territories; this 
suggests that the display was probably not a form of defense of territory, but more 
likely resulted from frustration of aroused NBM's for feeding. 

Temporary desynchronization of cooperative reproductive activities appeared 
also to elicit Wing-spreading. Aggression between members of a pair was not 
normally observed in the nest-building phase, so it could not have been an impor¬ 
tant factor in causing the display in these situations. Typically, mated Steller’s 
jays accompanied each other when building their nests and throughout the inter¬ 
vening periods of foraging. Occasionally one jay might cease foraging and seek 
to renew nest building before its mate was ready. Such a bird might show mild 
Wing-spreading directed at its mate until the mate accompanied it on the flight 
for nesting material. 

The display was also used by jays while visiting a potential nest site. During 
the first few days of pair formation between female XW-WW and male EV-VRX, 
in December, 1959, XW-WW was seen to go to a site where a little nesting material 
had accumulated and give this display. Her new mate then went to her on the nest 
and courtship feeding seemed to occur there. In the early part of the breeding 
season, RV-VRX, at the same site, spread and fluttered his wings, meanwhile 
uttering a high-pitched, squeaking sound unlike the aap that normally accompanies 
this display. He then manipulated nesting materials briefly. Later in the same 
day, XW-WW was seen Wing-spreading first at the same site and then at another 
likely-looking nest site, where she was fed by EV-VRX. More Wing-spreading in 
potential nest sites by EV-VRX was seen the same day. During all these displays 
there was no evidence of the presence of rival jays who might have elicited them. 
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Later, another male, actually building, was seen giving the display on his nest 
just after bringing mnd to it. Males were never seen displaying on the nest when 
territorial defense was involved. They would first approach the intruder. Only 
rarely was such a low-level response given to intruders so dose to the nest. 

INTEGRATION WITH OTHER BEHAVIOR 

From these considerations the conclusion is suggested that Wing-spreading was 
elicited in a rather wide variety of contexts, all involving a moderate or low level 
of arousal (compared to fighting or strong threat). Behavioral NBM’s which have 
been inferred from observation as conflicting with each other and as eliciting the 
Wing-spreading display include, in various combinations, those for supplanting, 
territory defense (attack), feeding of the female, courtship, carrying of nest mate¬ 
rial, storage of food, avoidance of a rival (escape), foraging for nest material, and 
demonstration of nest sites. Common to all contexts is a condition of mutual exclu¬ 
sion between opposing behavioral types, or the blocking or prevention of a be¬ 
havior pattern by environmental factors. 

On the basis of such observations, the hypothesis could be proposed that the 
areas of central nervous localization of Wing-spreading may be activated by a 
rather wide variety of inputs, and that these are not restricted to the two types 
(attack NBM’s and escape NBM’s) sometimes proposed by other authors for dis¬ 
plays given in similar contexts in other species. Perhaps the relatively low level 
of behavioral arousal and probably of neural activation required for Wing- 
spreading allows it to be elicited by a wider variety of neural inputs than does 
other agonistic behavior requiring a higher level of arousal. Such a hypothesis 
would explain the great variety of inputs capable of arousing low-level displays 
as compared with high-level displays and behavior. 

EFFECTS ON BEHAVIOR OF OTHER JAYS 

Determining the effects of the Wing-spreading display on the behavior of birds 
that have witnessed it was difScult. Frequently, such factors as location in respect 
to territorial borders, individual recognition, sex, dominance phenomena, and the 
behavioral context of the display had greater influence on the behavior of the 
observing bird than the display itself had. 

Because Wing-spreading was employed in a diverse variety of behavioral con¬ 
texts, it must have either a very general effect or multiple specific effects, depend¬ 
ing on the particular context. In practice it has not been possible to separate these 
alternatives. A theory requiring few assumptions would be that the conspicuous 
position and movements of the wings in combination with the calls which invari¬ 
ably accompanied them, serve primarily to draw greater attention to the displaying 
bird. This should also have the effect of increasing the awareness of the observing 
bird of the entire behavioral context, thereby possibly, though not necessarily, 
influencing his behavior. 

A few observations have already been mentioned concerning changes in be¬ 
havior immediately after a jay’s witnessing of the act of Wing-spreading. Various 
types of synchronization of nesting and sexual behavior seem to have been facili¬ 
tated. Courtship feeding may have been stimulated. In aggressive encounters the 
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effects -were variable; at some times, opponents flew away just after seeing the 
display, and at otter times, paid little attention. Usually the reaction of the oppo¬ 
nent was correlated with his dominance relationship to the displaying bird at that 
particular site. If he was subordinate, the display sometimes stimulated him to 
leave; if dominant, he remained. 

WlNG-STJCKING 

FORM 

Wing-flicking in the Steller’s jay was basically like wmg-flicking in other pas¬ 
serines. It seemed to consist of the intial movements used in taking flight, in con¬ 
trast to low-intensity Wing-spreading, which did not give this appearance. The 
wings were jerked very rapidly off the back for a slight distance, and as quickly 
returned; m low-amplitude Wing-spreading, the movements were not as fast and 
the -wings might be held away from the body for a variable length of time. 

The crest angle was typically high during Wing-flicking, the mean of 29 obser¬ 
vations in table 4 being 63 degrees, and the mode 70 degrees. In contrast, the crest 
angle during Wing-spreading averaged 39 degrees in 44 observations at intensity 


TABLE 4 

COBBEliATION or InTENSITT of CbEST EbeCTION with InTENSITT of TAni-FUGEINO, 
Tail-spbeading, and Winq-flickino 


Type and intensity of action 


Tail flicking 


0 

1 

2 

3 


Degrees of elevation of crest 



Tail-Spreading. 


Tail-spreading without 
tail-flicking. 


Wing-flicking without 
Gutturals. 



Notb: Observations of all types of behavior (e.g., vocalixationst displays, comfort acts, etc.) are pooled. Therefore, 
honzontal oompajcisons at one utensil rank are less reliable than verucal comparisons. For each observation an esti¬ 
mate of CT^ angle was made, end wherever posmble the intensity of movement and extent of spr^Miing of tail and wings 
were scored, w an axbitra^ rating scale of four ranks: 0 »■ non^ 1» slight, 2 “ moderate, 3 ■» extreme. Adjacent inten- 
sitgr tevels, therefc^ OTenap to some extent. Spedfioally, tail-flickmg was scored as follows: 0 >■ no movement, 1 ■* no 
npid jerks, but a at small amplitude, 2 » one or more rapid jerks at small amplitude, 3 three or more rapid 

aerka of wide amplitude. valueB in tlm table represent actual numbers of observations, not percentages. 
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levels 0 and 1 combined, and averaged 37 degrees in 131 observations at intensity 
levels 2 and 3 combined, the modes being 20 and 40 degrees respectively. 

When the wings were flicked, the tail was almost invariably flicked as well. An 
indication of the relationship is shown in table 5. However, tail-flicking occurred 
much more commonly without than with Wing-flicking. 


TABLE 5 

CoERBnvTiONS Between Occueeence op Wing-flicking and Intensities of 
Tail-flicking and T.iil-speeading in the Stellee’s Jay 


Intensity of tail action 

Occurrence of Wing-flicking—all obsert’ations 

0 

1-3 

N 


f 0 

268 


268 


1 

30 

1 

31 

Tail-flicking. 

1 2 

59 

9 

68 


3 

66 

6 

72 



423 

16 

439 


0 


15 

399 


1 


7 

37 

Tail-spreading. 

2 



11 

1 

3 

6 1 


6 



431 

22 

453 


Notb: The intensity scale is explained under table 4. 


Of the 54 occurrences of tail-spreading recorded in table 5,7 were accompanied 
by Wing-flicking; but proportion of occurrences of Wing-fliddng ■w'hich "were 
accompanied by tail-spreadiag is higher, the number amounting to about one- 
tliird of the 22 records. 

CONTEXTS 

When Wing-flicking was observed, it was generally in the extreme manifestation 
of the contexts in which tail-flicking occurred. It was most consistently seen in ja 3 re 
that had just alighted in a tree after release from banding. Of the 33 obsen^ations 
of jays just released in which Wing-flicking was looked for, it was present in 25 
and absent in 8. Tail-flicking was present on all of the 29 occasions on which I 
watched for its presence or absence in conjunction with Wing-fliddng. As is indi¬ 
cated in table 22, jays that called in the same circumstances (just after alighting 
from release) usually gave Wak’a (in 17 of 21 observations). Jays that had just 
landed on picnic tables or other places associated with strong agonistic arousal, 
also Wing-flicked at times, but less consistently than after release from banding. 

Wing-flicking was commonly observed in those jays which were exceptionally 
active in mobbing. And in ibis context also, Wah’a were the predominant call. 

On a few occasions jays were seen to flick their wings just after hearing a door 
slam or hearing other loud and sudden noises. The resemblance of Wing-flicking 
to the initifll elements of the motor pattern of taking flight was especially strong 
on these occasions. 
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INTEGRATION WITH OTHER BEHAVIOR 

Because of the occurrence of Wing-flicking in the extreme manifestations of the 
contexts in which tail-flicking was evoked, and generally only at the higher inten¬ 
sities of tail-flicking, a simple hypothesis concerning their integration with each 
other would be that the neural pathways of these two acts share a common central 
population of neurons. Activation of this common population at low intensities 
would, according to this hypothesis, yield tail-flicking; at higher intensities it 
would yield tail-flicking plus Wing-flicking; and at still higher intensities it would 
yield the fully formed elements of taking flight. The observations are in agreement 
with this hypothesis, but the neural mechanisms remain to be explored. 

In degree of crest erection, tail-flicking and Wing-flicking also showed evidence 
of coordination. The average and modal crest angles for Wing-flicking, 63 and 70 
degrees respectively, are very close to the comparable values for tail-flicking at 
intensity level 3, which are 64 and 70 degrees respectively (table 4). The relation¬ 
ship is additional evidence for the commonality of the neural events which control 
Wing-flicking and high-intensity tail-flicMng. The Wah, which was the most fre¬ 
quent call given during Wing-flicking, also was similar in crest-angle distribution, 
although it was given in a wide variety of other contexts too; the mean and modal 
values are 59 and 70 degrees respectively (fig. 8). 

The limitations of Wing-fiicking as an indicator of activation of escape NBM’s 
are similar to those discussed in connection with tail-flicking. 

Gaping and Appe.isement Begging 

Gaping and appeasement begging were only rarely observed; they were recorded 
on only about 14 days in the course of the entire study. They were most common 
in the months from February through October when the proportion of the popu¬ 
lation without territorial attachment was relatively high and groups of nonbreed¬ 
ing or postbreeding jays accumulated around local food sources. 

In behavioral form and accompanying vocalization, appeasement begging re¬ 
sembled the begging of juveniles for food, but it was rarely observed at high inten¬ 
sities of wing-fluttering, and it was characterized by withdrawal from the jay to 
which it was given, rather than by approach toward him. 

So far as appeasement begging involved flicking or fluttering of the wings, it 
may be said to have resembled Wing-spreading, but it differed in the following 
ways: (1) It was employed usually in competition over a food source. (2) It was 
performed at much closer range (a few inches to a few feet, rather than 5-20 feet). 
(3) It was generally performed not by mated birds on their territories, but by 
unmated birds within the territory of another jay. (4) It was often preceded by a 
retreat of a few steps. (5) A crouched position was employed, in which the body 
was close to horizontal and the tail was pressed against the substrate, if such 
begging took place on a flat surface. However, a gaping bird on a table edge was 
sometimes forced by the advance of his opponent to lean backwards to a vertical 
position, and eventually to lose his balance and fly. (6) The head and neck were 
retracted onto the shoulders. (7) Gaping with the bill open as much as 1.5 cm was 
characteristic, and the opened bill was sometimes used to parry attacking bill 
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thrusts by the opponent. (8) The associated call note was Wah, as in juvenile 
begging, rather than Ow or a Guttural call, as it was in Wing-spreading. 

Appeasement begging, or gaping, was recorded in two known males and two 
known females. All individuals observed in such behavior, both unhanded and 
color-banded, were far below the top of the dominance hierarchy. It was perhaps 
their subordinate position and probable lack of a territory of their own which led 
them to tolerate such close proximity to dominant jays in an attempt to obtain 
food, even though this led to attacks from these jays. 

Jays were observed gaping while approaching others at bait and supplanting 
them, but more often appeasement behavior was observed after a jay, in his 
attempt to obtain food, had approached another jay too closely and had provoked 
an attack. In such instances, the short retreat followed by crouching, gaping, 
wing-fluttering, and the giving of the Wah call, was often apparently successful 
in inhibiting the dominant’s attack; and if not, the subsequent bill thrusts could 
be parried by the appeasing bird’s gape. The effect of such appeasement behavior 
thus appeared to be to allow subordinate jays to approach food sources closely 
and more often by inhibiting the inevitable attack which such close approaches 
generally elicited from dominant jays. 

Although appeasement behavior as observed in the study area was in the context 
of competition for food, it should not be presumed that it would not also occur in 
other contexts. An unmated male (OGO-OX) who persisted in remaining in the 
territory of male X-TY was several times seen fluttering his wings silently, with 
his bill closed and vibrating his tail rapidly up and down through a 15-degree arc, 
while X-YT called aggressively and bUl-rapped a few feet away. The unmated 
jay was subsequently chased from the territory by X-YY, but the display seemed 
to inhibit X-YY’s attack temporarily. Jays conflned in aviaries seemed more prone 
to appeasement behavior because of their frequent proximity to dominants in a 
variety of contexts. 

The display of mated females when soliciting courtship feeding was similar to 
appeasement begging, in that such females crouched with open gape and some¬ 
times with fluttering wings, but the Wah was never given by them and the male 
was attempting to give food to the female rather than to attack her. 

Aggressive Sidling 

Aggressive Sidling was a posture that was important in almost all closely contested 
aggressive encounters between individual jays. It was one of the two displays of 
the Steller’s jay that resembled the ‘‘lateral display” of Garrulus glandariuSj as 
described by Goodwin (1949,1951, 1952,1956) and as discussed below. 

COMPARISON WITH SEXUAL SIDLING 

The two stereotyped postures which resembled the lateral display of Garrulus 
will be referred to as Aggressive Sidling and Sexual Sidling. Aggressive Sidling 
is illustrated in flgure 9. The two forms of sidling resembled each other in the 
foUovring ways: (1) The displaying bird was typically oriented laterally to the op¬ 
ponent. Thus, when two jays gave this display at each other they were parallel; 
however, they might face either in the same or in opposite directions. (2) Reversal 
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of direction commonly occurred in such a way that a jay facing in the same direc¬ 
tion as its partner or opponent would make a 180-degree jump to face in the 
opposite direction. (3) The tail could sometimes be spread moderately, and (4) 
could be turned at the base toward the other bird. This turning was most con¬ 
spicuous just after a jay reversed his direction, when his tail was shifted from one 
side to the other. (5) The upper side of the tail and body could be turned slightly 


TABLE 6 

Differences Between Aggressive SmuNG and Sexual Sidling in the Stelleb^s Jay 


Characteristic 

Aggressive Sidling 

Sesiual Sidling 

Crest (figs. 3 and 6). 

Generally 60-90 degrees 

Generally, 0-20 degrees 

Body posture (fig. 9). 

Head frequently extended or 
rapidly lowered (bowing) 
Body often more horizontal 
Legs often flexed in crouch 

Head maintained upright 

Body in normal attitude 

Legs not flexed in crouch 

Actions. 

Vigorous, intense 

Restrained, subdued 

Vocalizations (table 21). 

Shook common in both sexes 
Musical occurs in males 

Rattle occurs in females 

Song usual 

Musical uncommon 

Rattle also occurs 

Displacement behavior. 

Abundant bill-rapping and 
displacement digging 

Absent or rare 

Sex of jay eliciting display.... 

Generally same 

Opposite in all of many obser¬ 
vations 

Associated behavior. 

Behavior of opponent or part¬ 

Fighting 

Elements of courtship: Circ¬ 
ling, probing, mounting 

ner. 

Generally Aggressive Sidling 

Generally motionless; occar 
sionally Rattle or Song 


toward the opponent or partner. (6) The head and bill were turned slightly toward 
the partner or opponent. (7) The distance between the displaying jays was typi¬ 
cally 6-12 inches. 

The differences between Aggressive Sidling and Sexual Sidling are indicated 
in table 6. No difficulty was ever encountered in distinguishing between them, and 
they did not normally intergrade. 

COMPARISON WITH LATERAL DISPLAY OP GARRULUS 

Both Aggressive Sidling and Sexual Sidling differed from the lateral display of 
Oarrulus, as the latter is described by Goodwin (in aU four of the works cited 
just above), in these ways: (1) The feathers of the rump, flanks, and belly 
were not noticeably more erect than the plumage of other body areas, nor were 
the feathers of the back and upper breast noticeably depressed. There was no con¬ 
spicuous feather erection on the body. (2) The wings were not drooped noticeably, 
nor did the secondaries seem any more exposed than in normal perching positions. 
Therefore, because fewer elements were involved in the comparable displays of 
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the Steller’s jay, the display of Qarrulus may he considered to be more specialized, 
evolutionarUy, than that of the Steller’s jay, as is its wing pattern. 

The two forms of sidling in the Steller’s jay were similar to the lateral display 
of Garrulus in the following ways: (1) The displaying jay tended to be oriented 
laterally toward the animal eliciting the display. (2) The head could be extended 
forward. (3) During aggressive contexts, high-intensity calls were given, such as 
the Shook in the Steller’s jay and mimicry or "^hissing sounds” in Qarrulus; or, 
in females, the Eattle in the Steller’s jay and the “castanet-note” or “clicking- 
sounds” in Garrulus, (4) Low-intensity vocalizations, such as the Song (see below) 
in the Steller’s jay and “soft notes in a variety of (usually) squeaky, bubbling 
sounds” (Goodwin, 1956:193) in Garrulus, were given in courtship contexts. 
(5) Displacement activities were interspersed in aggressive contexts. (6) Both 
aggressive and sexual forms of the sidling and lateral displays were prominent 
in both species during the “spring gatherings.” (7) Crest erection was prominent 
in contexts involving “increased conflict” and was shown “when both or all of the 
opposing drives” were “stronger” (Goodwin, 1956:192). Therefore, crest erection 
in Garrulus occurred during high-intensity agonistic contexts as it did in the 
Aggressive Sidling of the Steller^s jay. My few observations of Garrulus courtship 
in London suggest that the crest is typically depressed in Qarrulus when in court¬ 
ship, as it was in the Steller’s jay in Sexual Sidling. 

ADDITIONAL DESCRIPTION OP THE FORM OF THE DISPLAY 

The crest in Aggressive Sidling was t 3 rpically 60 degrees high or higher (86 per 
cent of 78 observations in fig. 6). The few observations of low crest angles which 
I recorded were mostly associated with the raising of the plumage of the back—a 
rarely observed behavior confined primarily to one female jay and discussed in 
more detail below (see subsection entitled Eaising of the Back). 

The extension of the head during Aggressive Sidling seemed to be correlated 
with the loud calling that accompanied the posture, since it did not necessarily 
occur at other times. The head was also sometimes suddenly lowered and the tail 
was flicked upward (bowing). Bowing was similar to incomplete displacement 
digging or bill-rapping, but it also resembled the motions of Steller’s jays when 
mobbing an owl. Daanje (1951:87), in a discussion of the derivation of displays 
from incomplete locomotor movements, drew attention to a bow of Garrulus that 
is used in temporal proximity to fights (as is Aggressive Sidling). 

VOCALIZATIONS, SEX, AND STATUS OF PARTICIPANTS 

I made no attempt to keep a record of the exact proportion of individuals of each 
sex observed in Aggressive Sidliug, but the data gathered during observations of 
crest angles in Aggressive Sidling show that the individuals participating were 
male in 65 of 73 recorded instances in which the sex was known. Another set of 
data on the calls given during Aggressive Sidling (which has many records in 
common with the data above) shows that in 90 to 95 observations when the sex was 
known the caller was a male. That is to say, Aggressive Sidling was observed 
roughly 9 or 10 times as often in males as it was in females. No differences between 
sexes in the form of the display were noted, although such differences in Garrulus 
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liave been reported (Goodwin, 1949:279; 1951:416). The jays engaged in Aggres¬ 
sive Sidling were virtually all paired, territorial birds. I did not see jays which I 
thought were unpaired or juvenile performing this activity. 

The vocalizations given during the process of Aggressive Sidling are recorded 
in table 21. In the male, Shook was the call most frequently used, although a wide 
variety of others were used. 

It was observed that when both opponents were calling they usually gave the 
same call, regardless of what that particular call happened to be. And when one 
jay switched to a different call, the other jay would, too. The probability of giving 
the same calls was highest when neither opponent retreated or advanced. But, when 
the display occurred after a chase, or when one jay was definitely advancing, the 
calls of the two participants were more often different. 

CONTEXTS 

Aggressive Sidling was the most common behavior immediately following a fight 
(but not a supplanting attack) and also, sometimes, preceded fighting. Because 
of the wide overlap of the foraging areas of the many members of the jay popula¬ 
tion, especially in the nonbreeding season, individuals often encountered others 
whose actual or potential rank in the dominance hierarchy at a particular locus 
was similar to their own. When two such individuals met, the question of domi¬ 
nance was often determined during Aggressive Sidling, the dominant jay advanc¬ 
ing and the subordinate one gradually retreating. 

Jays sometimes gained access to bait set out on picnic tables by this method 
of slow, threatening approach, rather than by the more common method of sup¬ 
planting. Aggressive Sidling was also observed to be common in jays contesting 
natural food sources or foraging spots. In this context the display was seen at all 
seasons. 

Although at all seasons I observed avoidance behavior which indicated that 
jays were aware of individual dominance relationships with many other jays in 
relation to the location of the encounters (i.e., in relation to territories), the 
awareness became more intense in March and April as the breeding season ap¬ 
proached; jays were more cautious in flying through territories other than their 
own, and were quicker in leaving when threatened. Also, the attacks and threats 
made at intruders by settled jays within their own territories were more intense 
and frequent. Correlated with this period of increased intensity of agonistic be¬ 
havior, Aggressive Sidling too became more frequent. 

When not stimulated by a dispute over food, Aggressive Sidling was usually 
localized spatially in the zones where the areas of dominance of neighboring males 
apposed. Therefore, it occurred at places and times in which neither jay was com¬ 
pletely do mi n an t. In locations not belonging to one male there was little advancing 
or retreating of the opponents; but when the mutual displajdng began well inside 
a territory, the dominant jay would advance and the subordinate one would retreat 
sideways toward his own domain. 

When the females were incubating, Aggressive Sidling sometimes occurred be¬ 
tween two males at their mutual territorial borders, and these instances furnish 
evidence that the aggressiveness shown by the participants was in defense of 



Brown: Integration of Agonistic Behavior in the Steller^s Jay 247 

areas in wMcli they were dominant, rather than in defense of specific food items, 
nests, or females. Females commonly accompanied their males in border disputes, 
at times other than incubation and brooding periods, and when the females were 
present it was not possible for me to determine whether the dispute was in defense 
of females or of a topographic area; the latter, however, seems more likely, to judge 
from the behavior of the jays and the location of disputes at a boundary zone. I did 
not observe Aggressive Sidling in a contest for a female; however, it should be 
expected to occur sometimes in the course of pair formation, when many unmated 
males were present. Such conditions were not observed at Indian Camp. 

BEHAVIOR ELICITED BY AGGRESSIVE SIDLING 

Since Aggressive Sidling usually occurred at times and places in which neither 
opponent was completely dominant, the usual response at boundaries was for both 
jays to give the display directed at each other for as long as eight to ten minutes 
or more intermittently. However, sideways retreat from the displaying jay was 
also frequently observed, thus iUustrating the effectiveness of the total behavior 
pattern as a threat. 


Displacement Behavior 

Displacement behavior, especially biU-rapping and digging, were conspicuous 
elements in the agonistic behavior of SteUer’s jays and may possibly have had 
some functional importance in that context. The forms of displacement behavior 
described here seem to be characteristic of the Corvidae and of other groups with 
similar foraging adaptations, such as the Paridae (Hinde, 1952:73). 

The activities discussed below have been classed under the well-known term 
displacement behavior for the following reasons: (1) Being foraging movements, 
they were irrelevant in Aggressive Sidling and in other agonistic contexts and 
were, therefore, displaced from their normal context of searching for and manipu¬ 
lating food; (2) they were typically incomplete, in the sense of being non¬ 
functional: nuts were not opened during bill-rapping, nor was food discovered 
or eaten during digging; (3) their vigor, intensity, and rate of performance 
conspicuously exceeded the norms for functional foraging; (4) the context m all 
cases was one in which “conflict’’ between mutually exclusive consummatory acts, 
apparently usually attack and escape, might be inferred. 

FORM 

Bill-rapping. —^BiH-rapping was the most conspicuous displacement behavior in 
the Steller’s jay, although perhaps no more common than digging. In biU-rapping 
the jay hammered vigorously against the perch, usually between his feet if he 
were on a branch, or in front of him if he were on a flat surface such as a table 
or the ground. The movements were similar to the ones used in opening a hard 
object, such as an acorn, with the bill, or in peeling bark off a branch. In m a n y 
close-range observations of jays that were opening acorns, laurel nuts, and sun¬ 
flower seeds, only the lower mandible was used to make the initial puncturing 
blows, which were delivered with the bill slightly open to allow the lower mandible 
to strike the object while the upper one passed over the outside surface. In the 
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relatively few cases of displacement bill-rapping which were closely watched, 
the lower mandible was similarly separated from the upper one and delivered 
the blow. A similar opening of the bill in like circumstances occurs in scrub jay 
and was implied by Goodwin (1949:282) for Qarrulus. The resemblance between 
displacement bill-rapping and the normal or autochthonous opening of acorns 
was close, except for the presence of the object. 

Hinde (1952) discussed the resemblance between bill-rapping and normal 
foraging in tits, but hesitated to conclude that the former had been derived from 
the latter because the motor pattern of bill-rapping also resembles that of peck¬ 
ing an opponent. The same objection could be raised concerning the activities 
of the Steller’s jay. However, it was observed a few times in the great tit {Parus 
major) (Hinde, 1952) and commonly in the Steller's jay that when the sub¬ 
strate changed from a perch to the ground, the displacement action became dig¬ 
ging or leaf-turning, neither of which can be regarded as elements of the attack 
pattern. Therefore, the evolutionary derivation of bill-rapping from attack ele¬ 
ments seems unlikely. It is more likely to be an evolutionary derivation from the 
generalized pecking used in foraging under bark, and perhaps also in opening 
nuts and other hard objects. 

Digging, —In displacement digging, the jay quickly inserted its bill into the 
leaf litter, soil, or other loose substrate, and with a vigorous flip of the bill to 
one side tossed aside some material. The action was similar to normal foraging, 
except that it was typically more vigorous, more frequently and more rapidly 
repeated, and was not followed by close examination of the area uncovered. It is 
probably analogous to the displacement turning of leaves in the great tit (Hinde, 
1952). I know of no observations of displacement digging or leaf-turning in other 
jays, except in the Mexican jay {Aphelocoma ultramarina) (Hardy, 1961:116), 
but they are to be expected. Fairly extensive observations on scrub jays have not 
yet revealed such behavior, possibly because of the rarity of observations of 
strong threat contexts on the ground in that species. 

Other displacement activities. —^BiU-rapping and digging were the most com¬ 
monly observed displacement activities, but a variety of others were seen which 
are also related to foraging. Although unimportant in terms of frequency of ob¬ 
servations, these variations indicate the plasticity of the displaced foraging be¬ 
havior. 

In one observation of Aggressive Sidling, two males were pecking at branches 
and imder bark; and at another time, a jay engaged in Aggressive Sidling was 
seen knocking the bark off a dead twig. Prying and knocking off pieces of bark 
were normal foraging actions of the Steller^s jay, especially in the winter, when 
food was scarce and when acorns were no longer commonly utilized. These ob¬ 
servations were made in late December of 1958 and 1959, a fact that possibly 
indicates facilitation of this type of displaced behavior in this season. In early 
April I made a third observation, less easily interpreted as displacement behavior, 
of very active and vigorous probing and rapping with the bill under bark and 
in crevices of trunks and branches; but this did not occur during Aggressive 
Sidling, and although it seemed to be displacement behavior because of its vigor 
and the context, it seemed also to be merging with normal foraging. 
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On March 25, 1959, RV-VRX or X-YY was seen doing much bill-rapping in 
Aggressive Sidling, and pulling, in a vigorous, jerky fashion, on old eucaljpttus 
berries and leaves. Four days later, male RV-VEX, in Aggressive Sidling, was 
seen lugging at dead leaves in the crotch of a branch. The latter type of foraging 
was sometimes observed in nonconflict contexts, but the former observation of 
pulling on eucalyptus berries and leaves was not representative of a commonly 
obseiwed foraging pattern. 

In April, during Aggressive Sidling two males were observed bill-rapping in 
tensely and knocking off leaves of the coast live oak by pecking at their petioles. 
In July, at the Hastings Reservation in Carmel Valley, a jay which had become 
excited by my presence gi'asped many small, fresh, green leaves of the Pacific 
madrone {Arbutus memiesii) individually with its biU, usually by the distal end 
of the petiole or the basal part of the leaf, and tried hard to pull them loose, but 
it succeeded only once or twice. This was done in a most vigorous and hurried 
manner, and ceased when (as judged on the basis of other criteria) the jay calmed 
down. Earlier in July I had seen a juvenile that was obviously excited by my 
presence grasping many leaves of the coast live oak by the middle but not pulling 
at them. It did not appear to be obtaining any food. These were not patterns 
of beha'v’ior observed in normal foraging, although they may be related to the 
act of remo\'ing insect larvae from leaves. “P ullin g at leaves” has also been 
observed in the gi’eat tit (Hinde, 1953:208). 

BiU-rapping has been reported “to commonly accompany nervous tension of 
any kind” in Garrulus (Goodwin, 1951:418), and could be classed as a displace¬ 
ment actmty. In the Steller’s jay, however, it was not common as a displacement 
activity. Once, just after an encounter involving Aggressive Sidling in which 
EV-VRX had been tugging at dead leaves as a displacement action, he and his 
mate were seen bill-wiping, although they had not been foragmg or eating the 
leaves. This may have been a displacement reaction, but the almost imperceptible 
nature of the stimuli that normally elicit bill-wiping reqxiire that the possibility 
of normal activation of bill-wiping in this instance be left open, since the male, 
at least, had had his bill in contact with accumulated dead leaves and crotches 
of branches. Displacement biQ-wiping also occurs in the blue jay (Hardy, 1961). 

Song has been interpreted as a displacement act in the gray jay {Perisoreus 
canadensis) (Lawrence, 1957), but it is not considered to be a displacement act 
in the Steller’s jay, for reasons discussed below under the heading Song. 

CONTEXTS 

Relation to aggression .—^Displacement behavior was conspicuously associated 
with Aggressive Sidling, long bouts of which almost invariably included some 
displacement activities. However, less intense displacement activities, usually 
bill-rapping, were commonly seen at other times, such as when the presence of 
the observer was responsible for a jay’s reluctance to approach a food source or 
a foraging area, or when the observer was raiding a nest. On March 31, 1959, 
male 0-RXR was seen bill-rapping while his own female was incubating and a 
neighboring female ER-X was courting him by Sexual Sidling, Cirdii^, and 



250 University of California Publications in Zoology 

Song. This seemed to indicate an aggressive response to ER-X, since there were 
no indications of sexual behavior in 0-RXR. 

Dependence on substrate .—The variation in displacement behavior according 
to the location of the jay and the material available to it has already been sug¬ 
gested above. Jays which were bill-rapping on a perch in a tree were commonly 
seen to continue pecking at the ground just after having flown to the ground, 
but they soon switched to digging, although the character of the aggressive en¬ 
counter had changed only in its location and in the substrate upon which the 
jays perched. 

Relation to normal foraging .—The characteristics of displacement behavior were 
most easily recognized during Aggressive Sidling; however, they were increasingly 
diflieult to recognize in the behavior subsequent to Aggressive Sidling. Encoun¬ 
ters between two males involving Aggressive Sidling at a territorial boundary 
zone often terminated during displacement digging. Indeed, when not disrupted 
by an alarm, this was the usual manner in which intense disputes ended. The 
jays gradually separated, continuing their vigorous digging and calling; and 
as they moved farther and farther apart, foraging became less intense, less 
frequent, and more functional, the calls became less frequent, and the crest de¬ 
clined in angle; in short, there was a gradual transition from Aggressive Sidling 
and displacement foraging to normal foraging behavior as the opponents gradu¬ 
ally separated, working their ways into their own territories. Thus the distinction 
between displacement foraging and normal foraging is one of degree, since all 
shades of intermediacy occur. Similar observations and conclusions have been 
reported for the pectoral sandpiper {Erolia melanotos) (Hamilton, 1959:168). 

ADAPTIVE SIGNIFICANCE 

If displacement foraging behavior in the Steller^s jay can be considered a direct 
rather than a coincidental result of natural selective forces, and if there are 
positive selective pressures for the evolutionary maintenance of displacement 
foraging during the context of Aggressive Sidling, then the role of displacement 
behavior in the gradual transition from high-level agonistic arousal to normal 
foraging may be significant. It was the normal pathway between these two states. 
For the case in which boundaries are well established and not subject to signifi¬ 
cant change by prolonged threatening bouts, such as occur in Aggressive Sidling, 
it would be to the advantage of the individual participants to use their time in 
other ways, since nothing positive would be gained by long periods spent in 
Aggre^ive Sidling at the same location. Such an effect could be positively adap¬ 
tive if it also predisposed or permitted the opponent to behave similarly; and both 
opponents normally do show displacement foraging in an even encounter. 

Thus the selective advantage in this case would not be one of relieving surplus 
''tensions” but of channeling the behavior into more useful modes, specifically 
from the stalemate of an encounter at a relatively fixed boundary into foraging. 
The latter, if not useful in itself, at least frees the jay for other behavior which 
may be more useful 
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mTEQBATION OF DISPLACEMENT BEHAVIOR 

The crest in displacement foraging behavior, unlike the crest in normal foraging 
behavior, was generally quite erect, as a comparison of figures 5 and 6 iUustrates, 
the modal crest angles beiag 0 degrees for normal foraging and 80 degrees for 
displacement foraging (bUl-rapping and digging combined). The high crest 
angles and the vigorous, rapid activity in displacement foraging and its occur¬ 
rence during Aggressive Sidling, indicate the presence of agonistic arousal at a 
high level. This is probably equivalent to what various other authors have termed 
a high-intensity conflict of behavioral tendencies in other species. 

The field observations indicate that foraging behavior was activated at high 
levels of agonistic arousal. But whether this relationship is caused by spatial prox¬ 
imity of localization of function in the central nervous system or by more cir¬ 
cuitous neural connections has not been determined. However, the information 
on localization of function m the brain stem of the eat reveals a dose spatial 
proximity of equally unrelated functions (e.g., flight, defense, and elements of 
finding and eating food are localized in the same area; Hess, 1957:69). 

Eaising of the Back 

POSTOTE 

Eaising of the back t 3 T)ieaUy consisted of erection of the feathers of the dorsal 
tract on the back, resulting in a hunchbacked appearance. This effect was pro¬ 
duced purely by feather erection, and did not involve any movement of other 
parts of the body, although the head might be lowered slightly and the bill turned 
down. The rump feathers were never seen to be erected, but the feathers dorsal 
to the neck were sometimes ruffled. Usually the jay was oriented sideways to its 
opponent, as in Aggressive Sidling. The tail was generally not flicked, although 
it was commonly spread, and the wings were not observed to be flicked at aU. 
The body tended to be more horizontal than normally. The distribution of ob¬ 
served crest angles is shown in figure 6 and discussed m the subsection Crest 
Movements, below. 

CONTEXTS 

This display was only rarely observed. Virtually all observations of jays erecting 
their back plumage were made during the nonbreeding season, at a picnic table 
on which sunflower seeds had been placed for bait. All were in aggressive 
contexts. In 33 observed encounters in which the plumage of the back was erected, 
26 of the jays were supp lanting others, 5 jays were in indecisive encounters, and 
2 were su^equently supplanted by the jay that had elicited the display. Of these 
33 observations, 27 were of females and 6 of males. On 12 occasions it was re¬ 
corded that no call was given; on 20 occasions no record was made of whether 
a call was given or not; and on only 1 occasion was any vocalization recorded: 
this call was the Musical. The display was usually given silently. 
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Tail Movements 

VERTICAL MOVEMENTS 

Form. —tail-flicking the tail was jerked rapidly -upward and then slowly 
lowered. TVhen tail-spreading occurred concurrently, the tail was spread and then 
folded before the end of the quick upward phase. The head and body were some¬ 
times rapidly lowered while the tail was in the upward phase of its movement. 
Call notes and jerky movements such as Wing-flicking also occurred mainly in 
the course of the upward phase. The tail could be flicked as many as forty-five 
flicks per minute, although rarely for as long as one minute at -that rate. After 
the jay alighted, its tail was often flicked even more rapidly for a few seconds; 
then the rate of flicking quicldy declined. 

When a jay was jumping along the ground while foraging, its tail could be 
raised to a few degrees above horizontal -with each jump, and gradually lowered 
to below horizontal between jumps. A photograph of a jay taking flight shows 
the tail raised to 45 degrees above the horizontal line which passes through the 
long axis of the body. The legs are fully extended, the vnngs raised, and the feet 
just leaving the table less than an inch below. This suggests that in hasty and 
vigorous take-offs such as this one in which the bird was being supplanted by a 
scrub jay, a rapid and extensive upswing of the tail and -wings occurred simul¬ 
taneously -with the initial push-off from the legs, thus allowing a dovmward move¬ 
ment of the spread tail and -wings immediately after the initial leap from the table. 

When the jay was engaged in opening acorns or sunflower seeds, its tail was 
often raised to a position near horizontal during the vigorous action of breaking 
open the outer shell, but was allowed to drop gradually downward when the 
bird’s head was held high or when the jay was pulling off chunks to swallow— 
a less -vigorous activity requiring less muscular tension. 

Generally, the strong upward flick of the tail seemed coincident with one or 
more of a number of sadden and -vigorous movements, such as calling, Wing- 
fiicldng, jumping, and taking flight. A relatively high position of the tail, near 
horizontal, seemed to be associated with a general tenseness of muscles, as in 
alighting or the opening of acorns; and a low position, near vertical, -with relaxa¬ 
tion, as in sleep or preening. 

The tail was also moved in a vertical plane in a variety of other contexts. The 
usual method of attacking another jay was to fly at it and attempt to flutter above 
it while pecking at it. Jays making frontal approaches to an opponent, but not 
direct attacks, often had their tails spread and pressed against the ground while 
they were standing upr^ht in a poation to pedc downwards. The tail was used 
as a brace by being pressed against the ground while the bird was bathing in 
water or sun bathing. Just before defecation, -the tail was usually raised 10 to 
30 degrees, and afterward it returned gradually downward. While the Song was 
being delivered, the jay’s tail was occasionally moved slowly back and forth 
through an arc of about a centimeter or less. When the doacal protuberance of 
a jay held in the hand was pressed lightly, the bird would typically depress its 
tail ventrally and partly spread the tail; the legs might also be extended at the 
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TABLE 7 


COBBELATIONS BETWEEN INTENSITIES OF TaIL-PLICKINQ AND TaIL-SPBBADING IN 

Difpehent Calls and Other Behavior op the Steller’s Jay 



same time. A ventral depression of tte tail conld also be obtained by blowing on 
the belly of the jays held on their backs in the observer's hand. 

Coniexts of taH-flicMng. —Some of the contexts of tail-flickmg have been indi¬ 
cated above. The most common one occurred just after the bird had alighted, in 
a situation which (as judged by other behavior) was characterized by great 
alertness. The tail was almost invariably flicked during a mobbing encounter. 
The high frequency of tail-flicking while Wah% were being delivered (tables 7 
and 14) makes it reasonable to consider the description of tiie contexts in which 
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TToA’s ocenr, as applicable also to tail-flicking. However, the range of contexts 
in which tail-flicking occurred was much wider than the range in which the TTofe 
occurred. 

Integration of taU-flicMng .—The integration of tail-flicking is related to the 
level of agonistic arousal and to attack and escape behavior. It is also apparently 
related to the preparation for flight, although repeated tail-flicking did not gen¬ 
erally precede taking flight in nonagonistic situations. 

Agonistic arousal.—^If the intensity of tail-flicking is correlated with the level 
of agonistic arousal, the intensity of tail-flicking should increase with higher 
angles of elevation of the crest (see the discussions of agonistic arousal and of 
crest elevation in the next main subsection below. Crest Movements). That it did 
generally increase with a steepening of the crest angle is shown in table 4. At 
succeeding higher levels of crest elevation, the proportion of observations in which 
tail-flicking occurred increases, from 0 per cent at 0 degrees to 100 per cent at 
90 degrees. Furthermore, the proportion of records at higher intensities of tail- 
flicMng is greater at the higher crest angles (60-80 degrees) than at lower 
angles (20-40 degrees). The means also show an increase in crest angle with in¬ 
tensity of tail-flicking. 

Although a correlation exists between the intensity of tail-flicking and eleva¬ 
tion of the crest, the extent of variation between observations at similar crest 
angles and at shnilar intensities of taU-flieking implies that certain integrating 
factors in addition to the mechanisms of agonistic arousal are operating. The 
association of tail-flicking with general somatic muscular tension, and of crest 
elevation with autonomic innervation and smooth muscle tension, may be one 
reason for the lack of complete correlation between tail and crest position, since 
the somatic and autonomic systems are frequently out of phase because of the 
lag, or “tracking error,” inherent with the greater employment of tonic control 
mechanisms in the autonomic system. 

Attack and escape NBM’s.—Tail-flicking in passerines has been interpreted as 
being indicative of a tendency to fly that is thwarted by an incompatible tendency 
(Andrew, 1956:179). Because of the normal association of tail-flicking with alight¬ 
ing and with contexts in which take-ofEs may be required at any moment (e.g., 
mobbing), tail-flicking in the Steller’s jay may be interpreted as the result of 
low-level activation of the neural pathwajis controlling vertical movements of 
the tail which find their primary function during jumps, take-offs, and landings. 
Such an interpretation agrees essentially with the interpretations of Daanje 
(1951) and Andrew (ibid.). 

Since flight was a conspicuous element in the attacking and fi g h ting of jays, 
as well as in escaping, tail-flicking alone cannot, in particular situations observed, 
safely be interpreted as indicating dominance of the NBM’s for either activity. 
Furthermore, tail flicks were not common accompaniments to Musicals and Rattles 
(table 14), which, rather, were usually associated with actual attacks or with a 
hesitation to attack; however, these calls and supplanting attacks were typified 
by a low level of agonistic arousal as indicated by the associated crest angles 
(figs. 7 and 8). Thus, the infrequency of tail-flicking during the utterance of 
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Musicals and Battles might be due merely to the low arousal level, rather than to 
low activity of escape NBM’s in particular. 

In jays landing alone on picnic tables outside their territories, and sometimes 
within those areas, high crest angles and intense tail-flicking were often observed; 
and in this case NBM’s for escape seemed to be competing with NBM’s for remain¬ 
ing at the bait, but not with NBM’s for attack, since there was nothing to attack. 
In such situations, tail-flicking, crest elevations, and the theoretical agonistic 
arousal which accompanied them, appeared to be associated with activation of 
the escape NBM’s, whereas the attack NBM’s were less active. Consideration of 
these observations alone would lead to the interpretation that tail-flicking and 
crest erection are correlated with activation of escape NBM’s. However, the normal 
occurrence of crest erection and the use of the tail in fighting and in Aggressive 
Sidling show that tail-flicking and crest erection did not necessarily indicate a 
dominance of escape NBM’s. 

HOEIZONTAIi MOVEMENTS 

Spreading, turning, and tilting of the tail. —Spreading, turning, and tilting 
of the tail were conspicuous when they occurred, because of the larger surface 
area or the asymmetry which they created. Generally, they were not employed 
alone but were used in conjunction with other signal movements in threat or 
courtship. 

Position and contexts.—The tail was spread in postures approaching a hori¬ 
zontal crouch, or with the body nearly vertical, in flight (gliding), and in a 
variety of other postures. 

In one group of activities there was a downward force exerted on the tail during 
tail-spreading. This was commonly observed during alighting. In birds that were 
sun-bathing, the tail was frequently fnUy spread and braced or laid against 
the ground. Similarly, while a jay was bathing in water the tail was also often 
fully spread and was braced against the bottom of the shallow pool. The spread 
tail was also seen in use as a brace when a jay was clinging to a vertical tree trunk 
and was foraging with its biU in the crotch of a branch. When the eloacal pro¬ 
tuberance of a jay in the hand was touched, the tail was bent ventraUy and 
spread. The tail was sometimes spread by a jay in the activities of supplanting 
or threatening, especially during and just after alighting; and in these cases 
the tail was often depressed strongly against the table, never raised. When one 
jay supplanting another approached the subordinate slowly by small jumps rather 
than by direct flight or running, the dominant bird often stood very tall and 
pressed its spread tail downward, at the same time aiming its bill down toward 
the opponent, and sometimes calling. In a jay seen just before it flew up fighting 
with another jay, the tail was spread and was pressed against the ground. The 
frequency of taH-spreading was much higher in Battles than in any other vocali¬ 
zation (table 14), and in these cases the tail was either tensed or depressed, but 
generally not raised or flicked. 

In a second group of activities, the tail was characteristically flicked upward 
while being spread. These activities include tail-dreading during the utterance 
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of the Wdh, aad in the act of mobbing, and sometimes with Shook’s. In mobbing, 

I sometimes saw the jay nearest to the owl spread its tail progressively as it ap¬ 
proached more closely. Usually, however, the tail was both spread and folded 
before completion of the upward phase of a tail-flick. 

A third group of behavior patterns in which tail-spreading occurred was char¬ 
acterized by the turning of the tail of the displaying jay toward the jay eliciting 
the display. In courtship, when one jay, usually a male, was Circling or Sidling 
to another, usually a female, the bill and tail were usually turned inward toward 
the female and the tail was somewhat spread. In the most fully developed form 
of tail-spreading in this context the wings and tail were almost fully spread and 
were tilted toward the female in such a way as to afford her a view of the dorsal 
surface while the male Circled around her. In Aggressive Sidling, jays also spread 
their tails slightly sometimes, at the same time turning and tilting them slightiy 
toward their opponents. 

Integration with other behavior.—Since both tail-flicking and tail-spreading 
were related to the acts of taking flight and alighting, they might be expected 
to show a dose association with each other. Table 7, however, shows that 31 of 
60 observations of tad-spreading occurred unaccompanied by tail-fliekdng, and 
that tad-spreading was slightly less than half as common at intensity levels 2 
and 3 of tad-fliekiTig (21 observations) as at levels 0 and 1 (39 observations). 
Therefore, in ad observations of tad-spreading taken together, there was a tend¬ 
ency toward a negative correlation between the occurrence of tad-spreading and 
the intensity of tad-flicking. But when the observations for specific cads are com¬ 
pared, it can be seen that the correlation is of a different nature with different 
cads. During Battles, tad-flicking was rare, and 18 of the 19 records of tad- 
spreading occurred unaccompanied by tad-flicking. In contrast, during Wah’s 
low intensities of tad-flicking were rare, and ad of the 13 records of tad-spreading 
occurred at relativdy h%h intensities of tad-flicking. The tad-dreading during 
Battles was with the tad motionless or depressed, whde the tad-spreading during 
Wdh’s was with upward flicks of the tad. Although the 13 observations of tad- 
spreading during the 79 Wok’s reported in table 7 are too few from which to 
draw conclusions, my general impression in the course of making hundreds of 
unrecorded observations was that tad-spreading during Wah’s was generally very 
rare at level 1 of tad-flicking and appeared oidy when the tad was being fli<ied 
at high intensities. 

Thus there appeared to be two arbitrarily separable types of tad-spreading 
in respect to the integration of this activity with other behavior. One t 3 ^ was 
characterized by immobility or depression of the tad and was associated with 
a low crest angle, supplanting, threatening. Rattles, and, to a lesser extent, with 
Shook’s and a few other calls which were used in these contexts. The other type 
of tad-spreading was accompanied by a rapid raising of the tad and was asso¬ 
ciated with a h%h crest angle, mobbit^, alarm situations, Wah’s, and other calls 
given, durii^ tad-flicking. 

Since the occurrence of downward tad-spreading, such as accompanied Battles, 
is physically incompatible with the occurrence of tad-flicking, a poritive corre¬ 
lation of downward tad-spreading with crest angle might not be expected, in 
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view of the positive correlation, already demonstrated, between intensities of 
crest erection and tail-flicking (table 4). But table 15 shows that crest angles 
during Battles averaged higher with tail-spreading (31 degrees) than without 
(17 degrees); and tables 14 and 7 show that tail-flicking, which might also be 
expected to influence crest angle, was rare during Battles. Similarly, table 4, 
using a somewhat different set of data, shows that at intensity level 0 of tail- 
flicking the crest angle averaged lower at level 1 of tail-spreading (26 degrees) 
than at levels 2 and 3 of tail-spreading combined (46 degrees). At higher inten¬ 
sities of tail-flicking the data on upward tail-spreading were too few to be in¬ 
structive. 

Thus there appears to be a positive correlation between the occurrence and 
possibly the intensity of downward tail-spreading and crest angle. If a similar 
correlation is present for upward tail-spreading, it is masked by the more con¬ 
spicuous correlation of crest angle and tail-flicking. 

Tail-spreading was not commonly associated with Wing-spreading or Wing- 
flicking (tables 5 and 3). In 60 observations of tail-spreading, Wing-spreading 
occurred in 3 and Wing-flicking in 7. Tail-spreading occurred in only 3 of 46 
observations of Wing-spreading, but in 7 of 22 observations of Wing-flicking. Gen¬ 
erally, tail-spreading was associated with different behavioral contexts than were 
Wing-spreading and Wing-flicking (see the discussion of contexts for each of 
these activities), although the contexts of Wing-flicking and upward tail-spread¬ 
ing were similar. 

Crest Movements 

CREST as an index OP INTERNAL STATE 

The crest of the Steller^s jay may vary through a vdde range of positions (flg. 11). 
Because these positions may be expressed in degrees of elevation of the crest, the 
variation in repeated observations of crest elevation for particular behavior pat¬ 
terns and comparisons between crest elevations for different behavior patterns 
may be dealt vrith quantitatively. Since observed differences in crest elevation 
were found to be correlated with certain types of behavior, it was a goal of this 
study to determine as accurately as possible the crest positions which accompanied 
a wide variety of behavior patterns. Such data make it possible to consider the 
extent to which variations in crest elevation are indicative of changes in the mood 
or behavioral predisposition of the bird. 

COMPARISON OP CREST ANGLES IN VARIOUS ACTIVITIES 

In order to evaluate the relation of crest angle to agonistic behavior, its relation 
to other types of behavior must also be considered. 

Courtship ,—The angle of the crest in every observed instance of courtship was 
low (fig. 3). Sidling and Circling were the principal components of the male 
courtship pattern, and they were occasionally used by females. In Circling, the 
male jumped slowly in semicircles or circles around the passive female at a distance 
of about a foot. In Sidling, the male perched parallel to the female a few inches 
away, then sidled slowly closer and could eventually mount her. During both of 
these acts the female remained perched and motionless. Since there was no detect- 
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able difference in crest angle between males and females in these acts, observations 
on the sexes have been combined. Courtship was observed many additional times 
when it was not possible to estimate the crest angle accurately, and in all of these 
the crest was also low. 

Steller’s jays remained paired and on their territories all year in the study area. 
Hence, most observations of courtship were on jays who were already paired. In 
the one certain and the few probable observations of pair formation, the same 
behavior patterns were used with the same crest angles, even when pair formation 
occurred in December—a time when courtship between already paired jays was 
not normally seen. 


COURTSHIP ACTIVITIES 



Degrees Elevation of Crest 

■Pig. 3. Crest angles during courtship behavior of the Stdler^s jay. 

In courtship feeding the male placed an item of food in the bill of the female. 
In all observations of courtship feeding the crest was low (fig. 3). Observations for 
males and females were combined. Whether courtship feeding had a real function 
as “courtship” does not matter for purposes of the present discussion, since it 
was not an exception to the generalization that the crest was not greatly erected 
during courtship of any kind m the Steller's jay. 

Comfort activities .—^The crest could be raised or lowered apparently independ¬ 
ently of the feathers of the rest of the body. Generally, there was no correlation 
between the angle of the crest and erection of the body feathers. General feather 
erection over the body occurred mildly in preening and extremely during sun 
bathing. This general feather erection would account for the moderate crest angles 
observed during preening and the high angles during sun bathing (fig. 4). Crest 
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erection as a result of general feather erection occurred also during water bathing 
and when the jay was drying itself afterward. 

During the performance of comfort acts the crest was raised in the absence of 
the agonistic contexts which accompanied crest raising at other times. Perhaps 
the most important point to be made regarding the crest during comfort activities 
is that the position of the crest could be controlled by more than one set of factors. 
In other words, the set of stimuli and internal states responsible for crest erection 
during sun bathing or preening was, as implied by striking qualitative differences 
in behavior and circumstances, qualitatively different from the set of stimuli and 
internal states which appeared to elicit the same degree of crest erection during 
aggressive encounters with other jays or in related contexts. 


COMFORT ACTIVITIES 



Degrees Elevation of Crest 

Fig. 4. Crest angles in some comfort activities of the SteUer's jay. 

Nutritive activities .—^In aU activities related primarily to the handling of food 
or drinking, the crest was usually low (fig. 5). High crest angles were sometimes 
observed during these activities, but they were rare. Differences in crest angle 
between different activities related to the handling of food were present, however. 
The crest positions accompanying the acts of storage, digging, and foraging, 
unlike those with the other nutritional activities as shown in figure 5, were char¬ 
acterized by a conspicuous mode at 0 degrees. In all of these the face was held 
close to the ground and the bill was frequently in contact with the ground. The 
observations of crest angle during the process of storage were made while the bill 
was inserted in the ground. Digging was accomplished by inserting the bill into 
the litter or earth and flicking the bill to one side together with a small quantity 
of litter. About two-thirds of the recorded observations of foraging were of birds 
on the ground but not digging; the others were aU of birds foraging in oaks for 
acorns, on tree trunks, in old nests built by squirrels, on green leaves for cater¬ 
pillars, or elsewhere in trees. In storage, the bill was fuHy inserted into the 
ground; in digging, less so; and in the other foraging acts recorded in figure 5, 
rarely. This sequence corresponds to the decreasing series of percentages of obser¬ 
vations of the crest at 0 degrees in these activities: 85, 68, and 45 per cent re^ec- 
tively. This relationship suggests that something about the stimulus complex when 
the bill was in close contact with the substrate had a depressing action on the angle 
of the crest. 
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NUTRITIVE ACTIVITIES 



Degrees Elevation of Crest 
5. Crest angles daring nutritive bdiavior of the Steller’e ]a7. 

I received the same impression concerning individnal jays engaged in the process 
of storing. In some, the cicst was low during the whole procedure; but commonly 
when the jay first landed on the ground with an acorn or snnfiower seeds in its 
bill, its crest was quite high. Then, just before or during the act of inserting its bill 
into the grotind, its crest was quickly depressed. After withdrawal of the bill and 
covering up the storage site, the crest commonly rose again before the bird took 
flight. 

In contrast to the activities discussed above, in which most of the observations 
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of tlie crest were at 0 degrees, the angle was quite variable while a jay was on a 
picnic table and taking into its mouth the sunflower seeds put out for bait. The 
angle in this situation ranged from 0 degrees to 40 degrees, rarely higher, and the 
distribution of angles showed no conspicuous mode at any particular angle. There 
appeared to be no mechanism which adjusted the crest angle for this particular 
situation. Instead, it appeared that a variety of factors were operating, and that 
the final crest angle was a resultant of their combined effects rather than pri¬ 
marily subject to the influence of one. When a jay landed on the picnic table its 
crest V as frequently high. The crest usually went down gradually before or during 
the bird’s approach to the sunflower seeds Thus, the longer the time elapsed since 
landing, the lower the crest In birds in their own territories imdisturbed by other 
jays, the crest was usually low. In birds that had just arrived from a relatively 
distant territory, the crest often continued rather high at all times Most birds, 
when first arriving from another territory, had high crests; but after several trips 
to the table their crests were lower and, in addition, they appeared less reactive 
to sudden disturbances. Familiarity with the area, the presence of other jays, the 
total time since their initial arrival, and the time since landing on the table aU 
appeared to influence the crest angle in this situation. 

The highest average level of crest erection during an activity related to feeding 
occurred during the hammering at, opening, and eating of nuts, sunflower seeds, 
or other relatively hard objects, for which activities the mode of crest erection 
was 30 degrees (fig. 5) This was probably also the most vigorous of activities 
related to food. In this more strenuous type of eating process, tiie whole body was 
raised and brought down strongly as the bill struck the object, which was held by 
the feet against the perch. Thus, the higher distribution of crest angles may be cor¬ 
related with a higher level of physiological arousal accompanying the greater 
muscular exertion required in opening hard objects. Whether this is the explana¬ 
tion or not, the observations still indicate that this was another kind of situation 
in which stimuli influencing the crest angle were, so far as could be observed, 
qualitatively distinct from the social stimuli which influenced crest angle during 
aggressive contexts. 

Agonistic "behavior, —It was in agonistic behavior that the crest was most con¬ 
spicuously employed. However, crest angle varied according to the nature of the 
agonistic behavior, in a complex fashion. 

Combat.—^The crest was most fully erected in actual combat. All of the observa¬ 
tions of crest angles in combat recorded in figure 6 were of Steller’s jays that were 
engaged in the most vigorous type of fighting with each other. In such situations, 
after the attack the two birds flew up 5 to 10 feet in close contact, with feathers 
flying, facing and pecking each other, and probably grasping at each other with 
their feet. The observations of crest angle were taken while the birds were in mid¬ 
air; hence, the number which I saw well enough to be sure of tiie crest angle was 
only 19; but in all of the other similar fights which I observed, the crest was in the 
neighborhood of 90 degrees. 

Aggressive Sidling and displacement activities.—^In Aggresave Sidling (fig. 6), 
the crest averaged almost as high as in fighting (fig. 6), Since many of the observa¬ 
tions of displaconent activities were made while tiie bird was engaged in A|%res- 
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ENEMY-ORIENTED ACTIVITIES 



Degrees Elevation of Crest 
Pig. 6. Crest angles in agonistic behavior of the Steller's jay. 

sive Sidl i ng, the frequency distributions for these two categories of behavior are 
similar (fig. 6). The displacement activities for which crest angle was recorded 
were bill-rapping and displacement digging. 

Attack NBM’s and simple supplanting attack.—The high crest angles for com¬ 
bat and Aggressive Sidling suggest that an element of aggression involving a high 
probability of actual attack should be considered as a possible factor leading to 
erection of the crest. If crest erection were correlated simply with activity of 
attack NBM^s, then it should also be prominent in supplanting attacks. Conse¬ 
quently, records were kept of the crest angle during the act of supplanting. It soon 
became evident that the relationship of the crest to supplanting was not simple. 
Therefore, in an effort to determine which factors were influential on crest angles, 
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SUPPLANTING AND RELATED ACTS 



Degrees Elevation of Crest 

Fig. 7. Crest angles in the act of supplanting and related behavior in the Steller’s jay. 


I classified supplanting attacks according to wkether tlie attack was made directly 
from tke air or whether the supplanting bird began its attack from the table, and 
also according to the presence or absence of an increase in crest angle during the 
encounter. 

All of the 349 observations of the crest angle in supplanting discussed here were 
made from November, 1959, through March, 1960, on jays which had been at¬ 
tracted to a pile of sunflower seeds placed on top of a picnic table. In order to 
eliminate variation that might be caused by differences in location, I made 75 
per cent (261) of the observations at one table. Later, when it was found that no 
variation attributable to differences in location could be detected, observations of 
supplanting at other tables were added. 

The simpleirt form of the activity was that in which the supplanting attack began 
on the table and there was no increase in crest angle. This was the most frequent 
type of aggressive encounter in the Steller’s jay; 208 of the 349 supplantings were 
of this type. The frequency distribution of crest angles in this type of supplanting 
shown in figure 7 has a mode at the relatively low angle of 30 degrees. This indicates 
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that actual attacks were usually not accompanied by extreme crest erection. There¬ 
fore, the degree of crest erection was not correlated with the probability of actual 
attack even though the crest angle was greatest during fighting. 

Correlation of sex and crest angle in supplanting.—Because the category of 
simple supplantings comprised the largest number of observations, the effects of 
sex and rank were investigated within it; the other categories were too small for 
these purposes. In table 23 observations of 10 males in 134 supplantings and 2 
females in 37 supplantings are summarized. The females are listed individually 
because they were markedly different. Female MVM-VXM behaved consistently 
in an unusual manner; she would raise the feathers of her back and depress her 
crest in situations in which other jays would have been expected to raise their 

TABLE 8 

Crest Angle in the Stelleb’s Jay Immediately Attbr the Bird Has Been Supplanted 


Degrees of elevation, of crest 



■ 

10 



40 

50 

60 

70 

80 

go 

N 

Mean 


1 

■ 

1 

3 

4 i 

13 

14 

8 

2 

1 

46 

56 


Note: The number of observations at each crest angle and the mean crest angle are listed. 


crests. Consequently, most of her records are at 0 and 10 degrees. Female XW-W W, 
by contrast, represented the typical female and was the dominant female at the 
table where most of the observations were taken. Her records show a mode at 30 
degrees, with the second greatest number of observations at 20 degrees—a dis¬ 
tribution similar to that of the 10 males. Hence, there appeared to be no important 
difference in crest angle between males and females in simple supplantings; how¬ 
ever, data on additional individual females would be desirable for the purpose of 
substantiating this statement. Similarly, Boyd (1953:116) was unable to demon¬ 
strate a dear difference between the sexes in intensity of threat in encounters 
between wild white-fronted geese {Anser albifrons) on the wintering grounds. 

Relation to rank in dominance hierarchy.—On the basis of 637 observations of 
supplanting encounters at one picnic table from November, 1959, through March, 
1960, a dommance hierarchy of the straight-line type was recorded among jays 
that were almost all paired residents. The mean crest angles of individuals that 
were attacking in relation to their rank in the hierarchy is shown in table 9, No 
significant relationship between rank and crest angle is apparent. 

Because crest angle in supplanting was correlated with the resistance of the 
opponent (see below), it might be expected to be correlated also with the rank 
of the opponent in the dominance hierarchy, since high-ranking opponents would 
offer more resistance. If so, it should be higher against higher-ranking opponents. 
In table 10 a comparison is made between the distributions of crest angles in sup- 
plantings over the top 5 subordinates in rank beneath a given individual, and 
supplantings over the subordinates which ranked beneath these top 5. The data 
irepresent the pooled records for nine individuals in the hierarchy. The crest 
angle was greater against higher-ranking subordinates, but the difference between 
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the two groups is not statistically significant (P > 0.01, P > 0.01, P = 1.0, using a 
t test) in any ease. The mean crest angles were higher against high-ranking sub¬ 
ordinates than against low-ranMng ones in 4 individuals, but lower in 3. There¬ 
fore, using these criteria and data, no clear correlation of crest angle with rank 
of opponent is detectable. Similarly, in white-fronted geese, Boyd (1953), using 
data from 549 encounters, was unable to find “a connection between threat-intensity 
and status of the victim.” 

Supplantings with an increase in crest angle.—In some supplanting attacks 
which were begun on the picnic table there was a conspicuous increase in the 
erection of the crest of the attacker. Such increases occurred primarily when the 
subordinate was slow in leaving, if it were taken by surprise, or if it attempted 

TABLE 9 


Mean Chest Angles op Supplanting Jays in Relation to the Individuals^ Rank 
IN THE Dominance Hibbaecht at One Picnic Table 


Statistics 

X-YY 



YRY-X 

0-RXR 

XW-WW 

Ail indi¬ 
viduals 

Rank in hier¬ 
archy. 

1 

2 

3 

4 

5 

9 


Mean. 

26 

25 

28 

23 

31 

30 

26 

N. 

39 

13 

24 

26 

14 

26 

171 


Note: Records are for encounters in which no increase in angle occurred during simple supplanting atta el^ beimn 
from the table top. The mode for all individuals except VR-RR was 30 d^prees; aU are males exc ept femal e XW-WW. 
The table where the observations were made was within the territorar of the mated pair X-YY and XW-WW. The other 
four males were paired and held territones adjacent to that of XrYV. 

to resist tke dominant jay. Generally, when the subordinate bird allowed the 
dominant one immediate and uncontested access to the seeds, there was no increase 
in crest angle in the dominant; and there was even a slight decrease occasionally. 
The encounters in which increases occtured began with crest angles similar to 
those in which no increases occurred, as illustrated in figure 7, but they culminated 
with an increase in mean crest angle from 20 degrees to 46 degrees. The amount 
of increase in individual cases ranged from 10 degrees to 30 degrees generally, 
and rarely to 40 degrees. When greater increases occurred, the encounter could 
usually not be classed as supplanting, but developed into Aggressive Sidling or 
actual fighting. 

Agonistic arousal.—When the frequen<^ distributions of crest angles for many 
diverse activities are compared, the possibility that the angle of the crest is com¬ 
pletely or primarily controlled by the activity of a xmitary central nervous mech¬ 
anism or “drive center” seems remote. Evidence has already been presented to 
diow that the integrative systems controlling crest angle in the activities of storage, 
preening, and opening hard objects differ from each other and from other systems 
affecting crest angle. It seems probable, therefore, that diverse sets of st imuli may 
act through diverse central integrative systems to control crest angle, especially in 
the lower range of angles. If the observations on agonistic behavior discussed above 
are considered together, another and perhaps the most important integrative 
system controlling crest angle may be postulated. 

The behavior of a dominant jay in or near its territory in relation to varying 
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amounts of opposition by another jay is considered in table 11. When no opposition 
•was observed, such as in foraging, digging, courtship, resting, and some other 
activities, the crest angle was usually near 0 degrees. When there was an opponent 
which offered little or no resistance, the modal crest angle was 30 degrees. When 
the opponent offered moderate or brief resistance but was stiU quickly vanquished, 
the modal crest angle was 40 degrees. And when the opponent refused to leave, 
the modal crest angles were 80 degrees during Aggressive Sidling and 90 degrees 
during actual fighting. Thus we find that a positive correlation exists between the 
observed degree of resistance of an opponent and the quantitative estimates of 
crest angle. This is a correlation between strength of stimulus (resistance) and 


TABLE 10 

Chest Angles of Supplanting Jays in Relation to Rank op Thbib Opponents 
IN the Dominance Hierarchy at One Picnic Table 


Category 

0 

10 

20 

30 

40 

50 

Q 

Q 

m 

m 

N 

M 

No increase in angle: 

Over top 5 subordinates. 

5 

3 

11 

32 

7 

4 

4 

■ 

1 


67 

30 

Over subordinates below top 5. 

2 

15 

27 

34 

5 

2 

3 


1 


89 

26 

Peak angle after increase: 

Over top 5 subordinates. 



4 

2 

8 

9 

6 

4 

3 


36 

50 

Over subordinates below top 5 . 



2 

8 

m 

m 

3 

1 


34 

42 

Before increase in angle: 

Over top 5 subordinates. 

5 

4 

7 

12 

3 

1 





32 

22 

Over subordinates below top 6. 

1 

5 

12 

9 

2 






29 

22 




■ 






Note: Records are for simple supplanting attacks begun from the table top. 


intensity of response (crest erection), but it implies corresponding differences in 
the activity level of a complex of intervening variables which constitute the central 
nervous integrative system for agonistic behavior. 

Although direct experiments on the postulated central nervous integrative sys¬ 
tem for crest erection in aggressive encounters have not been made in the Steller’s 
jay, to circumscribe some of its properties by considering the relationships between 
observed types of agonistic behavior is desirable. Accompanying the series of 
behavior patterns in table 11, from foraging to fighting, are probable changes in a 
number of physiological variables, such as blood pressure, heart rate, heat produc¬ 
tion, blood sugar, muscular effort, and activity in the areas of the central nervous 
system (CNS) which control these variables. The same sequence of behavior 
patterns is characterized by the increasing frequency and intensity of vocalizations 
and by the increasing duration and intensity of complex muscular exertion. Col¬ 
lectively these physiological and behavioral changes may be interpreted as reflect¬ 
ing increasing levels of central nervous arousal. Since the behavior was oriented 
toward rival jaj^ and smce it employed behavior patterns generally restricted to 
agonistic contexts, the series will be referred to as one of increasing levels of 
agonistic arousal. (See the discussion below, in the section entitled Integration of 
Agonistic Behavior.) 

Alighting and alarm contexts.—The sequence of agonistic behavior patterns just 
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considered, with, the exception of combat, was restricted generally to activities 
which occurred after a jay had been perched for a significant length of time. 
Complications are added when we consider the situations in which a jay had just 
landed from a flight of about 15 feet or more. When supplanting was accomplished 
by a direct flight to the seeds and the supplanting bird landed at the same spot 
formerly occupied by the subordinate, the modal crest angle of the supplanting 
bird was much higher than in other supplanting attacks (see Supplanting by 
direct flight, in flg. 7), despite the fact that there was little or no resistance by the 
opponent. The act of landing on the table seemed to be the principal difference 
correlated with the higher crest angle. To test this hypothesis, I made observations 


TABLE 11 

A Comparison op Activities in a Dominant Stellbr’s Jay in Relation to 
Its Crest Angle and the Resistance op Its Opponent 


Activity 

Hesiflta&ce of 
opponent 

Postulated asonistic 
arousal 

Modal crest 
angle 

Foraging. 

None 

Slight 

0° 

Supplanting: 

No increase in crest angle. 

Slight if any 

Slight 

30* 

Increase in crest angle. 

Moderate 

Moderate 

40* 

Aggressive Sidling. 

High 

High 

80* 

Combat. 

Extreme 

Extreme 

90* 


Note: Crest angle in the dominant bird increases Trith increasing resistance of the opponent. 


of crest angles in jays which had landed on a table immediately before the incident 
recorded, but which were not in any way involved in the act of supplanting. Of 
these 60 observations, 47 were of jays landing alone on the table, and 13 were of 
jays landing where other jays were present; but no difference in crest angle could 
be detected between these two groups. The frequency distribution of crest angles 
(Direct flight, no supplanting, in flg. 7) was very much like that for supplanting 
by direct flight. The lack of a detectable difference in crest-angle distribution 
between the situations ‘landing alone” and “landing with supplanting” suggests 
that the high crest angles during direct supplanting were correlated primarily 
with the fact of having recently landed on the table, rather than with the act of 
supplanting. 

The high crest angles in these situations could not safely be attributed to the 
act of alighting alone, for jays commonly alighted with low crests in other con¬ 
texts. Rather, the condition of arriving suddenly at an exposed site subject to in¬ 
trusion by man, to aggressive encounters with other jays, and often outside the 
jay’s own territory, could be related to the appearance of nervousness in the jay. 
Jays with their crests high just after alighting reacted to slight noises and dis¬ 
turbances of the sort which they would normally have ignored, by flying im¬ 
mediately for cover. Or they frequently leaped 3 to 4 feet into the air from the 
table at very slight disturbances. After landing, the jays often paused before 
going to the seeds. During this pause and while a jay was approaching and 
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tflTnng the seeds, crest erection usually declined fairly rapidly if the jay was 
fflTTiiliflr with the surroundings, or very little if the area was one in which the 
bird was infrequently observed. Jays coming to the seeds in their own territories 
for the first time on a particular day normally landed with crest erect and gave 
the Wdh call a few times. But after one or two more trips to the table most 
further landings on the table were made with the crest low, as long as the terri¬ 
tory owners were alone. When other jays arrived the situation became more com¬ 
plex, and the crest was sometimes erected to a greater extent. 

Obviously, a great variety of factors influenced the extent to which a jay was 
“at ease” or “alert” at a particular table, and no attempt was made to separate 
these factors quantitatively. Jays high in the dominance hierarchy seemed to 
become “confident” more rapidly than did the lower-ranMng jays. A wind rustling 
the eucalsnptus leaves and blowing loose leaves through the area seemed to fa¬ 
cilitate a jay’s appearance of alertness and high reactivity. Other factors already 
mentioned included the length of time since alighting, the number of trips to 
the table, and distance from the bird’s own territory. Individual variation ap¬ 
peared important, also. Some individuals (e.g., female XWW-RGW) almost in¬ 
variably had their crests erect when they were on picnic tables, in contrast to 
others (e.g., female MVM-VXM) who rarely did, although these two types were 
comparable m respect to distance from their own territories and to dominance 
rank. 

All of the factors mentioned above have m common the feature that they relate 
to the jay’s safety. The crest erection, high reactivity to slight disturbances, and 
the calls sometimes given in such contexts may, therefore, be considered danger- 
oriented or agonistic behavior. And so the high crest angles seen immediately 
after alighting may be correlated with a high level of the postulated intervening 
variable of agonistic arousal. 

A distribution of crest angles similar to those for alighting with or without 
supplanting was obtained for jays who had flown to a perch immediately after 
being rdeased after banding (see Eeleased from hand, in flg. 7). Having just 
“escaped” from the hands of a “predator,” these jays no longer had the depressed 
crest characteristic of jays in the hand; but they had high crests, frequently 
called loudly, and flicked their tails vigoroudy and sometimes their wings, with 
much the same behavior as jays mobbing an owl. Thus they could be said to show 
a high level of agonistic arousal. There was no reason for them to be any more 
afraid after release than when held in the hand with depressed crest; therefore, 
the erection of the crest m such situations might easily have been correlated 
not with an increase in fear, but with a decrease. 

Jays which had been supplanted would jump a few feet or fly a short distance 
or out of sight. In 44 of 47 jays whose crests were watched while and after the 
birds were being supplanted, there was a conspicuous increase in crest angle; 
in 3 there was no change; and in none was there a decrease. The frequency dis¬ 
tribution of crest angles for these birds also resmnbles those for alarm contexts 
in which jays have alighted in a situation characterized by potential danger to 
the jay and a probable high level of agonistic arousal (compare table 8 with fig. 7). 
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When a jay alighted after being supplanted, its tail was often flicked vigor¬ 
ously and its crest was high. If the jay remained, the tail-flicking usually de¬ 
creased rapidly in intensity and the crest erection also decreased. Jays observed 
flicking their tails vigorously had crest angles similar to those m situations, dis¬ 
cussed above, in which jays had just alighted; and, in fact, most of the jays 
showing vigorous tad-flicking had recently alighted. Weak tail-flicking was cor¬ 
related with a lower average crest angle. 

Erection of feathers on back.—The feathers of the back were rarely erected, 
but when erection occurred it was in aggressive encounters in which some re¬ 
sistance was shown by the opponent. Therefore the finding that the crest was 
usually actively depressed in these encounters, often to 0 degrees, was unex¬ 
pected (fig. 6). It is an exception to the generalization that increased resistance 
stimulates a higher crest angle. 

Most of the observations were of females, and 24 of the 30 observations on 
which the distribution in figure 6 is based were made on 1 female, MYM-VXM. 
The display was seen in only 2 other females and 3 males. MVM-VXM ranked near 
the bottom of the dommance hierarchy at the places where most of the observa¬ 
tions were made; but she was rebellious occasionally and would then display her 
humped back at jays that would normally dominate her. On 2 occasions she 
was successful in bluffing a hesitant scrub jay in this manner; but on at least 
2 other occasions when she displayed at other SteUer’s jays, she was attacked 
and driven away after an initial hesitation by the dominant jay. The typical 
lack of a high level of agonistic arousal during this display is suggested not only 
by the crest-angle distribution but also by the rarity of calls during the display 
(see the subsection above, under the heading Raising of the Back). 

One possible explanation of the occurrence of this display only in certain in¬ 
dividuals might be that in agonistic contacts certain jays, such as MVM-VXM, 
were genetically predisposed to erect the back rather than the crest more often 
than were other individuals in similar situations. However, at other times MVM- 
VXM was commonly obser^'ed with erect crest. Another possibility is that the 
display was dependent on combinations of stimuli and internal states which oc¬ 
curred only rarely. If this were true, MVM-VXM may have been predisposed 
toward these combinations by genetic or other factors. The virtually complete 
absence of this display in dominant males and its occurrence in MVM-VXM, 
a subordinate but rebellious female, suggest that resistance to a feared opponent 
was an important aspect of the situation which elicited the display. The crest 
was also depressed in two other contexts associated with fear, that of wild-caught 
jays attempting to hide from people in an aviaiy, and that of jays held in the 
hand while being banded. 


VOCALIZATIONS 

Unlike many passerines, the jays, and the Corvidae generally, are not noted 
for their songs. They are known best for their loud and often harsh calls, which 
in Ihe Steller’s jay form the predominant elements of the vocabulary. It should 
not be expected, then, that the employment of the voice by jays would follow the 
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pattern of more typical passerines. Instead, the various functions which song has 
in other passerines seem to be divided among several different calls and the 
so-called “Song” in the Steller’s jay. 


Song 

FORM 

The Song of the Steller’s jay was the only one of its vocalizations that some¬ 
times continued for several seconds uninterrupted by pauses and was even con¬ 
tinued for minutes at a time with but slight breaks. It was invariably of a low 
amplitude and was almost inaudible to the human ear beyond 75 feet from the 


TABLE 12 

Seasonal Vabiation in Fbbqobnct or Teb-ab’s and Too-lbet’s at Indian Camp 


Subject 

1959 

I960 

M 

A 

M 

J 

J 

A 

s 

0 

N 

D 

D 

a 

B 

B 

Tee-ar* 8/10 hours. 

65 

50 

24 

19 

19 

51 

42 

46 

14 

8 

26 

55 

35 

26 

Too-leeVa/lO hours. 

14 

25 

6 

7 

5 

3 

8 

4 

+ 

5 

1 

5 

6 

8 

Hours in field. 

26 


50 

45 

30 

26 

28 

26 

28 

28 

24 

29 

35 

20 

Per cent of days, Tee-or’s... 



65 

79 

92 

92 


100 

77 

67 

80 

92 

100 

78 

Per cent of day^, Too-leeVs,. 



60 

42 

62 ! 

42 


8 

8 

50 

10 

50 

54 

78 

Days in field. 



20 

19 

13 

12 

12 

12 

13 

12 

10 

12 

13 

9 


Notb: All observations ■were made in the morning, generally in periods of at least two hours’ duration per day. Each 
Tee^ call and each aeries of Too4eeVs heard in the study area were counted. The observations for each month have been 
summed and di'vided the number of hours spent in the held for that month, to give an index of the frequency of 
7«s-or’B and Too-Uet'^ The seasonal distribution of some other calls are shown in figure 1. 

performer. No stereotyped pattern was evident in the Song; rather, it consisted 
of a series of whistled, harsh, or gurgled notes and popping or snapping sounds 
run together and with frequent repetitions, a vocalization suggesting the songs 
of some members of the Mimidae, except for its soft quality. It was much like 
the songs of the scrub and Mexican jays and resembled published descriptions 
of the song of the blue jay. 


POSTURE 

The partner which took the active role in Sexual Sidling and Circling (court¬ 
ship) , almost always the male, was often observed to be singing at the same time. 
Here the posture of the bird was no different from the postures involved in 
Sidling and Circling, except that the bill was open several millimeters and the 
throat was moving. When the female was not present, however, a singing jay 
could often be recc^nized by its characteristic posture and actions, even though 
the bird was too far away for the Song to be heard. The Song was then given 
in a posture typical of a jay resting on a perch, with its tail and body in line 
and not far from vertical. The head was very slightly extended forward and was 
turned slowly from side to side through an are of about 200 degrees. This gave 
an additional ventriloquial quality to the Song; and it was indeed difiScxilt to 
locate a singing jay by sound. The extent to which the bill was open varied 
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slightly in the course of the Song. The crest was typically depressed during 
singing (fig. 8). The tail could be vibrated back and forth through an are of 5-15 
degrees, but this was uncommon. 


CONTESTS 

Seasonal frequency. —Songs were recorded in every month except November 
and January, but they were most frequent from March through September. 

Sex and age. —^Althoi^h Song was most often heard from mated males and less 
often from mated females, unmated jays of both sexes not possessing territories 


TABLE 13 

Imdivtoual Difkbbences in Fbbqtudnct of Use of Some Vabutions of tbb Musical Call 
A uoNQ Resisxnt Male Stelleb’s Jats at Indian Gamp 


Individual 

Variation of the Musical call 

ToodU^t 

High oot 

Low woot 

X-YY. 

Common 

Rare 

Absent 

0-RXR. 

Bare 

Common 

Absent 

YRY-X. 

Common 

Common 

Absent 

XY-00. 

Absent 

Rare 

Common 


were sometimes observed singing. Jays in their first autumn were also observed 
singing during or after periods of rest, but these Songs tended to be louder than 
those of adults and included a variety of other calls in imperfect form; hence, 
they were not entirely typical. 

Solitary jays and courting jays. —^The Song was commonly given by males who 
were Sidling or Circling a female in courtship. Rarely a female sang while being 
courted by a male, or she sang while Circling a male. 

The principal function of singing would appear to be in connection with court¬ 
ship; however, singing was observed as often in jays which were essentially alone 
as in those engaged in courtship. In many, but not all, of these cases of Song 
given by isolated jays, it appeared to be stimulated, at least in part, by the 
proximity of the observer. Not uncommonly, elements of appetitive behavior for 
the consummatory acts, incompatible in these cases, of feeding and avoidance of 
the observer were present at the same time in singing jays. For instance, when 
a lone jay which had been foraging noticed the observer about 25 feet away, it 
would begin to sing and either continue foraging while watching the observer 
at the same time if in a tree, or would wait and resume foraging after he had 
left. Jays during such situations did not appear “jmnpy” or aroused, but perched 
or moved about unhurriedly and inconspicuously. That jays were almost invari¬ 
ably in high and rather dense cover when singing may have had some effect in 
preventing a higher level of arousal, since they probably felt more secure with 
such protection. 

Song was not observed to be eoimected with territorial defense in any way, and 
thus differed firom most of the other calls, which could be so employed. 
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CALLS 



"Fig. 8. Orest angles mTOcaJizatioiis of the Steller’s jay. 
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INTEGRATION WITH OTHER BEHAVIOR 

Song as a displacement activity ,—Song under similar circuinstances in the gray 
jay {Perisoreus canadensis) has been interpreted as a displacement activity (Law¬ 
rence, 1957). If Song in the Steller’s jay is regarded as a sexual act because of 
its association with courtship, then Song in lone jays mildly disturbed or frus¬ 
trated by a person nearby would be functionally irrelevant and might qualify 
as a displacement activity despite the lack of some of the other characteristics 
of displacement activities. If, however. Song is not specifically integrated with 
the pattern of behavior during courtship, but instead indicates a particular state 
of mild arousal which happened to be common during courtship but also at other 
times, then its designation as a displacement activity would be misleading. Since 
the evidence at hand is insufScient to permit me to distinguish between these two 
alternatives, Song is not here recognized as a displacement act in the Steller s jay. 
The low level of arousal that is characteristic of a singing jay is inconsistent with 
the high level characteristic of displacement activities in this and other species. 
Furthermore, the stereotyped head turning which accompanies nonsexual singing 
in the Steller’s, scrub, and Mexican jays argues against the theory that Song 
may be a displacement activity. 

Arousal and attach and escape IVJBlf's.—That Song was correlated with a low 
level of general bodily arousal is suggested by the frequency with which it fol¬ 
lowed periods of resting, preening, and stretching, and by the relative inactivity 
of singing jays. Jays which had been resting for several minutes during the day, 
if approached gradually by the observer, often sang if they had not been alarmed 
by sudden disturbances. Then, after the usual stretching and preening which fol¬ 
lowed a rest, they resumed normal activity. 

Singing was never followed by attacks or escapes vrithout a marked change in 
the social environment, nor did it occur in contexts which were agonistic to an 
extent greater than is indicated above. It was, however, associated with a hesi¬ 
tancy to approach, which might be interpreted as resulting from low level ac¬ 
tivity of the NBM’s for escape. 

Guttxjrax. Notes 

PORH 

There was not just one type of Guttural note; instead, there were many types, 
with all degrees of intergradation. These could sound quite d^erent from one 
another, but since they intergraded so frequently they will be discussed together. 
They may be referred to as ufs at low intensities, and as aap's or awip's at high 
intensities. Part of the difference in sound between these types seemed to be 
correlated with the extent to which the bill was opened during the call. If it was 
barely open, the call had a muffled quaUty sounding like "wf" or "up." But if the 
bill was wide open, the call was louder and sounded more like ^aap. 

POSTURE 

A jay eoTjld give Guttural notes in a wide range of intensities mth no variation 
from its Tinminl perching postures. However, especially at higher intensities, 
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Gutturals were usually associated with Wing-spreading, which has already been 
described. Some degree of Wing-spreading probably occurred on about half of 
the occasions when Gutturals were given, although the frequency was largely 
dependent on the social context of the call. 

The distributions of crest angles during the utterance of Gutturals accompany¬ 
ing Weak (0 and 1) and Strong (2 and 3) intensities of Wing-spreading are 
shown in figure 8; it may be seen that the modes during Weak and Strong Wing- 
spreading are 20 degrees and 40 degrees respectively; however, because of the 
wide variation in crest angle during Gutturals unaccompanied by Wing-spreading, 
the mean crest angles are not significantly different, being 39 degrees for Weak 
Gutturals and 37 degrees for Strong Gutturals. 

CONTEXTS 

Since Guttural notes, or sometimes Oie;’s always accompanied Wing-spreading, 
the contexts in which they occurred have been discussed in connection with those 
calls. Situations in which the Guttural notes were not accompanied by Wing¬ 
spreading were generally similar, but the stimuli and motivational states ac¬ 
companying them were less intense. 

One exception is a variation with a more nasal quality, refeirred to as amp, 
which has been observed in Aggressive Sidling. It was usually given loudly but 
without any Wing-spreading and with a relatively high crest angle; this varia¬ 
tion accounts for some of the high crest angles during Weak Gutturals noted in 
figure 8. 

In summary. Guttural notes given by both sexes were common throughout the 
year, but most common during the preincubation phase in association with court¬ 
ship feeding, nest building, courtship, boundary disputes, and related activities. 

Rattle 

The Rattle was a common call of females, and was never observed to be given 
by a jay known to be a male (see also table 2). Both mated and unmated birds 
gave the call, but especially the former. 

EORM 

Often the Rattle was preceded by an accelerated series of low Guttural notes 
unaccompanied by Wmg-spreading. In quality the Rattle was unlike any other 
call of the Steller's jay. It had a mechanical or rolling quality similar to that 
obtained by vibrating one’s tongue against the roof of one’s mouth, or drawing 
a fingernail along the teeth of a comb. It lasted from one-half of a second to 
almost two seconds or longer, and was virtually all on the same pitch. Although 
similar in sound to the Rattle of the scrub jay, it usually differed in having a 
change in tone quality from a long "o" sound to an "ee” sound about midway 
through the call; the change was associated with the gradual opening of the bill 
at this time. The two-toned effect was absent in some juvenile Rattles, or some¬ 
times when a Rattle was cut short during the act of supplanting, but was almost 
always present. During the rattle of the scrub jay, the bill was kept in one posi¬ 
tion throughout the performance. Since in the Steller’s jay the Rattle was the 
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principal call given only by females and was given during the early stages of 
pair formation, this difference in tone quality might have significance as a be¬ 
havioral isolating mechanism. 

POSTURE 

The Battle of the Steller's jay was not accompanied by a stereotyped display, 
as it always was in the scrub jay. It was frequently given when the bird was m 
a nonnal perching or standing position, less often in flapping flight or when the 


TABLE 14 

Employment op Tail and Wings During Vocalizations op the Stbller's Jay 


Vocalization 

Tail-flicking 

Tail-spreading 

Wing-flicking 

0 

B 

B 

B 

N 

0 

B 

B 

3 

N 

B 

1-4 

N 

Guttural. 

67 

13 

9 

8 

97 

90 




96 




Rattle. 

44 

2 



46 

28 


6 ! 

5 

54 

47 

.. 

47 

Musical. 

34 


2 


36 

36 


■I 

1 

38 

36 

1 

37 

Growl. 

6 

3 

2 

2 

13 

El 




13 

8 

4 

12 

Wah . 

9 

5 

33 


95 

68 

11 


2 

82 

73 

12 

85 

TooJeet . 

7 




8 

5 

. . 



6 

6 

1 

7 

Shook . 

21 

3 

2 


29 


3 


2 

EH 

36 


36 

Tee-ar . 

6 

6 

1 


14 


B 

1 


13 

15 

1 

16 


Note: Data were oolleoted while investigator was recording crest angles. The numbers of occasions on which eadi 
act was noted are listed under four arbitrary levels of intensity, which are explained under table 4. 


TABLE 15 


Distribution op Crest Angles During Rattles with and witho ut Spreading op the Tail 


Category 

B 

B 

20 

30 

40 

B 

60 

B 

B 

B 

B 

Mean 

Without tail spreading. 

8 

8 

5 

4 

0 

1 

2 

■ 

■ 

B 


El 

With tail-spreading. 

•• 

3 

6 

11 

3 

1 

2 

0 

B 

B 


H 


Note: Data are in actual numbers of observations. 


jay was gliding with spread wings and tail. The head and neck were sometimes 
dightly extended, with the bill as much as 45 degrees above horizontal. 

On 55 occasions when Battles were observed, the tail was spread to a varying 
extent in 27 and was kept folded in 28 (tables 14 and 15). The tail was eon- 
spicuonsly but usually not fully spread at these times. This indicates that the 
tail was frequently spread during the Battle, but should not be interpreted as 
an accurate estimate of the frequency of tail-spreading during the Battle. The 
tail was only rarely if ever flicked during a Battle, nor were the wings flicked 
(table 14). The distribution of all crest angles recorded during Battles may be 
seen in flgure 8, which shows that in almost 80 per cent of the observations the 
crest was at 30 degrees or less. Therefore, the crest was typically rather low dur¬ 
ing the Battle. The crest angle averaged higher when the Battle was accompanied 
by tail-spreading than when not (table 15). 

During a Battle given in an aggressive context the crest usually did not 
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change in elevation. But if the Rattle was given just after the bird had landed 
on a table, the crest sometimes declined in elevation during the Rattle as it 
normally would in the same situation if the jay was silent. Also, since the crest 
was often raised in a supplanting attack when resistance was encountered, the 
crest was sometimes raised during a Rattle given in such a situation. 

On some occasions, however, there was a rapid depression of the crest at the 
inception of a Rattle and an immediate elevation at its cessation which could 
not be correlated either with recent landing or with resistance in the course of 
an attempt to supplant. For example, the crest angle could go from 30 degrees 
to 0 degrees while the Rattle was being given and then back up to 30 degrees 
afterward. It was not possible to correlate this action of the crest in the course 
of a Rattle with a particular behavioral context. Rather, it appeared to be charac¬ 
teristic of the Rattle when not masked by other behavior. In these instances it 
seemed improbable that a significant physiological change occurred at the incep¬ 
tion and cessation of the Rattle; therefore, the depression and elevation of the 
crest during the Rattle would not appear to be correlated with the general auto¬ 
nomic changes which might be expected to accompany changes m crest elevation 
at some other times. 


CONTEXTS 

Seasonal frequency, —The seasonal increases and decreases in frequency of 
Rattles heard in the field are indicated in figure 1. Rattles were hoard in every 
month of the year, but were particularly common during the preincubation stage, 
from February to April. Days in which they were not heard were most numerous 
in the cooler months, from October through January. 

Agonistic situations, —Table 19 records the contexts of 49 Rattles. I made the 
observations while recording crest angles, and did not collect the data in such 
a way that they would indicate accurately the distribution of Rattles according 
to contexts. But they do illustrate the fact that most adult Rattles (41 to 49) 
were given by jays in aggressive contexts, usually either in connection with sup¬ 
planting (27) or as a threat toward particular individuals (12). In supplanting, 
the victor gave the Rattle far more often than the vanquished, 25 versus 2 ob¬ 
servations respectively. 

It was found that in aggressive encounters between two jays the Rattle was 
the most commonly used caU by females. Table 17 shows that 74 of the calls 
used by 8 females in 107 of such situations were Rattles. These situations usually 
involved encounters between two jays when there were no other jays nearby. 
In cases in which encounters in groups or between pairs occurred, Gutteral notes 
seemed more common than Rattles. 

Of the jays who elicited the Rattles in these instances, 83 per cent of 60 jays 
of known sex were females. This is not surprising, since the Rattle was usually 
given by the dominant female in an encounter, and since most of the jays sub¬ 
ordinate to a female were also females, as shown by parallel studies of dominance 
hierarchies. Therefore, femaJeness as such may or may not have been a less im¬ 
portant factor than rank in the dominance hierarchy in eliciting Battles. 

In respect to the fe m ale for which the most records were available, XW-W W, 
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it was found that the neighboring female (MO-MXV) on one side of her terri¬ 
tory elicited more Eattles than any other individual (15 of a total of 39j. And 
the second highest number of Eattles (5) at a known individual was elicited by 
the neighboring female (XME-EMT) on the opposite side of XW-WW’s terri¬ 
tory, The other 4 females and 8 males which elicited Eattles from XW-WW 
were all paired adults with territories not far away. 

Localization in respect to territory. —^Eattles were most frequently given within 
or near the border zone of the territory. Less often, they were given quite far 
outside the territory, as sometimes in courtship. Two of the factors wMch may 
have accounted for the greater frequency of Eattles within the caUer s territory 
were (1) the greater amount of time spent there and (2) the higher rank in the 
dominance hierarchy which obtained there for the female concerned. 

Situations eliciting Battles. —^As has already been indicated, Eattles were often 
employed in situations in which aggressive competition occurred between jays. 
On many of the occasions discussed above (at least 55) the jays were competing 
for sunflower seeds placed as bait on picnic tables. On these occasions it was 
usually the territory owner who Eattled. Frequently, however, a Eattle was 
given by a female on or near its nest when other Steller’s or scrub jays were close 
to the nest. Also, loud outbursts of calls in the territories of neighboring jays 
often elicited Eattles by a female in her own territory. And Eattles were also 
sometimes given at people in situations in which there were no other jays around 
to elicit the call. On one occasion a Eattle was given by a female on her nest 
only 2 feet away from the observer. A female was once observed Rattling before 
and after attacking a mounted screech owl {Otus asio), but this was the only 
time that the call was observed to be used in mobbing. 

Courtship. —The contexts discussed above in which Eattles were observed could 
all be described as agonistic. The fact that females commonly gave Eattles in 
close temporal proximity to courtship or while being courted raises the question 
of whether its use in such cases was an aggressive response to the male, or had 
a function specifically connected with courtship, or both. 

In the nonbreeding season, females were observed Rattling as an aggressive 
response toward their own mates. Supplanting of the female by her mate was 
common in the nonbreeding season, but it disappeared in the period of nest build¬ 
ing and was absent throughout incubation and brooding; the absence of this type 
of supplanting probably ended with the inception of the fall molt or with the 
independence of the young. Usually a female submitted to the supplanting attack 
of her mate without offering any resistance. However, Eattles were observed in 
one female on two occasions in the winter when her mate landed abruptly a 
few inches from her on a table and once subsequently supplanted her. Therefore, 
it appeared that the Rattle could be given as an aggressive reaction by a female 
to her own mate when he approached too closely. 

In the early days of courtship the female commonly Battled continually when 
the mate was displa 3 dng and approaching her, perhaps in r^onse to his un¬ 
usually dose approach. In the later days of courtship and also during incuba¬ 
tion, courtship and mounting generally occurred without the Eattle. That the 
Eattle was given by females in situations in which only the mate was present, 



278 University of California Publications in Zoology 

indicated that jays other than the mate need not have been responsible for 
ftb V.it.iTig it. Since mounting did not seem to occur in those periods of courtship 
when Rattles were most common, the Rattle in such situations may have been a 
reaction of the female to the close approach of the male which subsided as she 
became accustomed to his persistent approaches in subsequent days. 

At the time when courtship was most common, the male constantly accom¬ 
panied the female, leaving her usually only to chase away other jays from the 
nest area. Courtship seemed to be stimulated when two or more pairs met at a 
territorial boundary or other neutral area. After periods of more aggressive 
calling and displaying, the members of each pair began courting. There was 
much calling, including Rattles, at these times, and groups of 4 to 8 or more jays 
were commonly seen. These were usually pairs that were resident in the area, 
but a few unpaired birds sometimes watched. 

When two or more pairs were together at their territorial boundary, the pres¬ 
ence of a rival pair seemed to be an important factor in eliciting Rattles. Under 
these conditions it could sometimes be seen that a female would Rattle in re¬ 
sponse to any sudden change of position of a rival male or female. Periods of 
aggressive calling between pairs tended to alternate with quieter periods when 
eourt^p occurred. For a few days during the preincubation phase a pair some¬ 
times gave the appearance of actively seeking such social stimulation by touring 
the neighboring territories and evoking Rattles and other calls wherever the 
couple went. On such days Rattles from the groups of courting jays were very 
conspicuous. It may be that the Rattle, as a call apparently unique to females, 
serves in this species to attract both mated and unmated jays to centers of court¬ 
ship activity, thus facilitating courtship in mated jays and pair formation in 
unmated ones. So it seems possible that although the Rattle appeared to be given 
as an aggressive response even in courting groups of jays, it may still serve an 
important function in pair formation. In already mated jays it may have been 
indicative of the rise in the female’s aggressiveness coincident with the male’s 
loss of dominance over her, and also it may have reflected the female’s initial 
reactions to tiie persistent close approaches of the male during courtship. 

INTEGRATION WITH OTHER BEHAVIOB 

The occurrence of Rattles has been shown to be correlated with a moderately low 
crest angle and an absence of tail-flicking and "Wing-flicking (tables 14 and 15; 
fig. 8). This relationship suggests that Rattles were characteristically associated 
with a comparatively low level of agonistic arousal (see the section entitled Inte¬ 
gration of Agonistic Behavior, below). The frequent use of Rattles in simple 
supplanting attacks in which no resistance was encountered is also consistent 
with this hypothesis. 

The use of Rattles in supplantings and in the context of a threat against other 
jays suggests that the NBM’s for attack were more active during Rattles than 
during other calls made with the crest at similar angles, such as Gutturals or 
Ow\ and that the NBM’s for escape were less active lian the NBM’s for attack. 
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BEHAVIOR ELICITED BY RATTLES 

Sometimes it was possible to observe a change in the behavior of certain jays 
immediately after they heard a Rattle. When a female arrived at a table and 
Rattled, some jays would leave immediately after the Rattle and some would 
remain. In other contexts too, opponents would sometimes leave just after hear¬ 
ing a Rattle. Sometimes the bird hearing a Rattle in an adjoining territory would 
answer with another Rattle. A Rattle by an intruder in a territory generally had 
the eSect of attracting the female territory owner, who then would make some 
sort of aggressive response until the intruder left. Thus it appears that the reac¬ 
tion of jays hearing a Rattle generally seemed to follow the pattern set by the 
preexisting dominance relationship between the caller and the hearers. On hear¬ 
ing a Rattle a dominant jay generally paid no attention unless the call came from 
within its territory; but subordinates would sometimes show avoidance of the 
caUer. 

Musical Note 

The Musical note, or Musical, was a common call of males, and was never heard 
from a female (see also table 2). Both mated and unmated birds gave the call, 
although it was usually given by mated males with territories. 

FORM AND nSTDn'IDUAL VARIATION 

The Musical note lacked the loud, harsh, noisy qualities characteristic of the more 
common and conspicuous calls for the Steller's jay. It resembled a high, muted 
whistle given usually all on one pitch and ending abruptly with a slight popping 
sound audible only at extremely close range. The notes could last almost half a 
second each and they could be repeated slowly or rapidly from one to several 
times. 

Individual variation in the Musical was easily detectable. Individual (banded) 
males in the study area could be fairly consistently recognized by the different 
ways in which they gave the call. For example, the call of X-YY could be rep¬ 
resented as a high ^‘toodle-oot/^ the call of 0-RXR as a high “oot/^ and that of 
XY-00 as a low ^^wooV^ Differences in frequency of use of these variants are 
shown in table 18. All these variations had the same tonal quality and the same 
abrupt ending; they differed primarily in pitch and syllabification. 

POSTURE 

No special posture accompanied the Musical. It was given from a variety of posi¬ 
tions on a perch or in flight. When the jay was perched, the head and neck 
were sometimes slightly extended. The tail and wings were not usually flicked, 
nor was the tail spread (table 14). In a sample of 38 observations the tail was 
flicked twice and spread twice, and the wings were flicked once. 

The angle of the crest was observed to range from 0 degrees to 80 degrees, 
but in 59 per cent of 137 observations involving 18 banded and a few unbanded 
jays it was 30 degrees or lower, the most frequently observed angles being 20 
degrees and 30 degrees (fig. 8). In some cases, higher angles were correlated 
with the bird’s having alighted recently, or with resistance by the opponent. 
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CONTEXTS 

Seasonal frequency .—The seasonal frequency of Musicals heard in the study 
area is indicated in figure 1. The Musical was recorded in every month, but was 
most frequent in the preincubation period in March and April, and again on 
warmer days in the autumn. It was least common in the winter, from November 
through February. 

TABLE 16 

Diffsbential Use of Vabiotts Cauls bt Individual Male Stbllbb’s Jats 


Number of encounters 


Banded caller 

Musical 

Shook 

Guttural 

Wah 

Growl 

Too4eet 

Teo-ar 

Total 
number of 
encounters 

0-RXR. 


20 

23 

1 

10 

15 


99 

X-YY. 

30 

16 

24 

16 

3 

3 


92 

XY-00. 

42 

16 

4 

3 




65 

YRY-X. 

8 

16 

8 

10 

9 

3 


54 

OOO-XRO. 

3 

28 

1 


3 

1 


36 

VR-RR. 

12 

13 

2 

2 




29 

RV-VRX. 

2 

12 

2 

2 

6 



24 

All others. 

16 

4 

4 

1 

2 

4 

2 

33 

Total encounters.... 

143 

125 

68 

35 

33 



432 

Per cent. 

33 

29 

16 

8 

8 




At males. 

130 

113 

53 

24 

29 

22 

2 

373 

At females. 

6 

10 

5 

10 

1 

1 


33 


Nots: The separate encounters between banded jays are classified according to the types of call given. These data 
are for encounters between individuals only, and do not include encounters in groups or between pmrs. The data were 
collected in the period March, 1959<-Anril, 1060. inclusiye. Similar data for females are in table 17. The contexts of calls 
in the period January-April, 1960, indusive, are listed in table 20. Guttural notes, being less easy to bear at a distance, 
were probably more common than indicated; therefore, the data for Gutturals, unlike we data for other calls, must be 
regarded as minima. 

Agonistic situations .—^In table 19 are recorded the social contexts at times 
when the crest angles were being recorded. These data should not be interpreted 
as an accurate estimate of the frequency of use of the Musical in each social con¬ 
text, since they were not gathered systematically for that purpose. But the fact 
that 96 per cent of tiie 52 examples of this call for which data on the social con¬ 
text were available were of birds in a throat situation, indicates that the call 
was usually associated with aggressive behavior. Since generally only the sup¬ 
planting bred in an encounter would give the call, the Musical was closely inte¬ 
grated with the NBM’s for attack. 

In table 20 are presented the numbers of encounters in which each call except 
the Outtural was employed in different types of aggressive encounters between 
individual banded jajrs. The observations were taken whenever a single banded 
jay could be recognized as eliciting a call in another jay. Therefore, they repre¬ 
sent micounters between sit^le individuals, and do not include calls used in 
larger groups or between species. These data, which were recorded independently 
of those in table 19, agree in indicating the Musical as the most commonly used 
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call by males in supplanting contexts, with, the unlikely but possible exception 
of tbe Gutturals. 

Although the data for Aggressive Sidling in tables 20 and 19 are meager, re¬ 
viewed in conjunction with the data in table 21 they indicate that the Musical 
was employed much less often than the Shook in this actmty. The latter call 
was generally accompanied by a higher level of agonistic arousal than was sup¬ 
planting. Similarly, in jays that were chasing other jays out of their territories, 
the Musical was rarely observed (table 21, Aerial chasing), nor was it ever 
recorded in jays that were mobbing a predator. 

Table 16 shows that of a total of 136 Musicals given at jays of known sex in 
individual encounters, 130 were at males and only 6 at females. 

When the locations where Musicals were given were plotted on a map it was 
found that virtually all were given within or near the border of the territory 
of the caller, as was generally true of the other calls. Calls were sometimes given 
by jays who appeared not to have territories or mates, or who were relatively 
far from their territories, but these occurrences were unusual. 

Individual differences in frequency of use of calls. —The differential use of 
various calls in aggressive encounters between individuals by color-banded male 
Steller’s jays is shown in table 16. The 3 individuals for whom the greatest number 
of observations are available used the Musical more often than any other call in 
this context. In 4 other individuals, however, the Musical was not the most common 
call, and it ranged from a close second (VR-ER) to relatively rare (OOO-XRO, 
RV-VEX). The predominance of the Shook instead of the Musical in OOO-XRO 
and RV-VEX is correlated with their subordinate positions, although this cannot 
be said of TRY-X, who was very aggressive. Both OOO-XRO and RV-VEX held 
relatively small breeding territories, were low in dominance hierarchies outside of 
their own territories, and sometimes were not dominant even in areas which had 
belonged to their own breeding territories. Having a subordinate position, these 
indmduals may have been less confident in aggressive encounters and consequently 
reached higher levels of agonistic arousal, which were correlated with Shook\ 
more frequently than was necessary for their more confident neighbors. 

Individual variation in use of calls in a different set of aggressive contexts is 
shown in table 18, in which the initial call given by the dominant jay on arrival 
at a picnic table bearing a group of jays was recorded. For XT-00 the proportion 
of Musicals given was sunilarly high in both situations; but for X-TY and 0-EXR, 
Musicals were much less frequent in group situations than in individual en¬ 
counters. Out of 51 occasions the Musical was given 27 times by XY-00, but it 
was given on only 8 occasions out of 103 by the other 4 individuals observed. Since 
the calling jay was just arriving, and since there was often a fair number of rival 
jays on the table, a higher level of agonistic arousal may have been elicited than 
in a simple supplanting encounter between two individuals. Such an interpretation 
is supported by the higher modal crest angles found with the predominant calls, 
70 degrees with Shook and Wah as opposed to 30 degrees with the Musical. No 
explanation is apparent for the greater use of Musicals by XT-00, but such 
uncontrolled factors as a possibly lower average number of opponents or the 
greater shelter by surrounding oaks in his territory, might have had some influence. 
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Situations eliciting Musicals. —^As has been noted above, Musicals were observed 
primarily in intraspecific aggressive contexts, especially in threats or supplanting 
attacks at individual males trespassing within the caller’s territory. The most fre¬ 
quent situation eliciting Musicals occurred when bait was used to attract jays 
from other territories into the territory of the caller. The caller then used the 
Musical in supplanting, but generally did not chase the trespassers any farther 
than was necessary for him to obtain free access to the bait. The call was also used 
when intruding jays were near the caller’s nest, in which case they were sup¬ 
planted or chased repeatedly until they left the vicinity. It was occasionally di¬ 
rected at human visitors in the territory, and has been given at the investigator 
while he was climbing within a few feet of a nest with eggs. It was once observed 
to be given near the caller’s nest at a scrub jay, which was subsequently chased 
away—one of the rare occasions on which a Steller’s jay was seen to dominate a 
scrub jay. 

In groups of courting pairs the Musical was at intervals heard commonly, but 
it appeared to be used at these times mostly as a threat toward other males rather 
than as a part of courtship. At some times, however, it did seem to be elicited by 
the female while the male was Sidling or Circling, especially if she Rattled. In 
these groups there was a strong correlation between the occurrence of Rattles and 
Musicals; the two types of calls were commonly heard together, and not generally 
with other calls. Both were sex-specific and might be suspected to have a special 
role in pair formation and as behavioral isolating mechanisms. 

BEHAVIOR ELICITED BY MUSICALS 

When a sudden change in behavior was observed in a jay which had just heard a 
Musical, it was generally an avoidance of the caller. If given during Aggressive 
Sidling the same or a different call was often given in response. In one group of 
courting jays giving Gutturals, the sound of a Musical from the group was fol¬ 
lowed by abrupt silence. In most of these groups the change m behavior of jays 
hearing the Musical may have been affected not only by the “releasing value” of 
the call as such, but also by its effect in drawing attention to and announcing the 
presence of the dominant jay. Visual signals from the caller probably also affected 
the opponent. 

Reactions of other species to the Musical were not observed, although such 
reactions were common to the louder, harsh calls. 

0\v 

The call designated as Ow was not recognized as being consistently differentiable 
from the Guttural xmtil quite late in tins study. Consequently, observations of it 
were not as numerous as desirable, and a number of points about it remain uncer¬ 
tain- Ow was considered to be merely a variant of the Guttural until it was realized 
that it had been observed only in females (table 2). Early in the study there were 
3 records of an Ow given by 2 m a les (X-TT, OGO-OX), but since then Ow has 
been observed only in females, never in males. Because the early records of Ow’s 
by males were made before the call was consistently recognized, and because these 
occurrences were not subsequently duplicated in more than two years of observa- 
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tions, they may be viewed with some skepticism. The available evidence strongly 
suggests that Ow was primarily, if not exclusively, a female call, 

K)RM 

The Ow was similar to the aap form of the Guttural, but was higher, more nasal, 
and louder, ended less abruptly, and resembled the sound ^‘owJ* Often it was 
repeated in short series of indefinite length at the rate of about one every second 
or two. 


TABLE 17 

Distbbbntiajl Use of Vabious Calls by Indivedual Female Stelleb’s Jays 


Banded ealler 

Number of encounters 

Rattle 

S\o»h 

Wah 

Guttural 

Ovo 

Total 

enoountem 

xw-ww. 

39 

14 

3 

1 


67 

MO-IMXV. 

16 

1 

,. 

3 

4 

24 

XRR-RV. 

9 

,. 


.. 


9 

XWW-RGW. 

5 

2 


.. 


7 

4 other individuals. 

5 

3 

2 

•• 

•• 

10 

Total encounters. 

74 

20 

5 

4 

4 

107 


Note: The aggressive encounters between banded jays were dassified by the types of call given. These data are for 
encounters between individuals only and do not include encounters in groups or between pairs. The data were collected 
in the period March, IdS^Apnl, 1960, inclusive. Similar data for males are in table 16. See table 16 for comment on 
Gutturm. 


POSTURE 

The Ow was given from roughly the same postures as those associated with Gut¬ 
tural notes; it was often associated with various degrees of Wii^-spreading. The 
tail was sometimes flicked, and mild spreading of the tail was sometimes observed. 
The modal crest angle for 24 observations was 80 degrees, with 22 of the 24 
observations in the range of 10-50 degrees (flg. 8). 

CONTEXTS 

Like the Guttural, the Ow was recorded in every month, but was most common 
in the preincubation period, in March and April. 

The call was rarely observed in aggressive encounters between individuals. 
Table 17 shows that Ota’s were recorded in only 4 of 107 such encounters in which 
vocalizations were used. It was commonly heard in encounters between pairs, such 
as those which occurred in territory border zones and were frequently associated 
with courtship activities. The Ow was not normally associated with actual attacks, 
fights, or chases. On a few occasions it was given at the observer when no other 
jajrs were near enough to have been the cause. 

On March 29,1959, in a courtship group of seven jays which consisted of three 
pairs and an onlooker, one female was observed giving the Ow ctdl continually. 
Then she began Battling continually as the male began to Circle her. "When the 
male stopped Circling, she began the Ow’s and ceased Battling. These calls were 
again replaced by Battles whmi the male resumed Circling. Thus, in this case the 
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Ow was not given during active courting b 7 the male, but only between those 
periods. The call was frequently observed in territorial disputes between females 
where no malca were involved, and on those occasions the activation of sexual 
NBM’s should have been absent. 

Because the Ow normally occurred in birds gathered in groups, was frequently 
repeated, and was often given by more than one bird, it was difficult to observe 
any definite reaction to it by other jays. In one observation, a jay calling Ow’s 
was vigorously attacked and chased by a female jay, and in another observation 
the Ow seemed to cause another jay to leave. It seems probable that the call served 
mainly to attract attention to the mood of the caller, and that considerations of 
location, dominance, and sexual state played a large part in determining the sub¬ 
sequent reactions of other birds. 

GsowIj 

The Growl was observed to be given by both sexes, although it was given primarily 
by males, as is indicated in table 2. 

FORM 

“Growl” is perhaps an inappropriate name for this call, since it only vaguely 
resembled the growls of other animals, such as dogs or cats. The Growl of the 
Steller’s jay sounded like the Waft, and might have been interpreted as an extreme 
variant of it, but was quite consistently differentiable from the Wah and was 
employed in different contexts. The Growl was generally given in phrases of two 
notes, each conspicuously down-slurred, with the initial higher-pitched part of 
each note having a suggestion of a musical quality and the lower-pitched terminal 
part having a harsh rasping or grating quality. The call was usually given loudly, 
and the sequence of two notes was often repeated several times, though not nearly 
as rapidly or as often as were Shook’s or Waft.’s. 

POSTURE 

Growls were observed in a jay in fliglit on one occasion, but they were usually 
observed in perched jays. The modal crest angle of jays giving Growls on 39 
occasions was 40 degrees, and 64 per cent of the observations were of jays with 
angles of 40 degrees or less, although the angles ranged from 0 degrees to 90 
degrees (fig. 8). Tail-flicking and Wing-flicking were common, and tail-spreading 
was occasional (table 14). Jays giving Growls have been seen to thrust their heads 
forward with the bill inclined upward as much as 20 degrees; with each call, 
sometimes, the tail was spread slightly, and concurrently the tail and wings were 
flicked upward. The call was also given in the posture of Aggressive Sidling. 

CONTEXTS 

Growls were recorded in every month of the year, with a peak in March and April. 
They were least frequent in October and November, There was a slight increase in 
frequency in August. 

The Growl was not a common call in any easily categorized behavioral context. 
Of 108 calls recorded during Aggressive Sidling, only 3 were Growls (table 21). 
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During aggressive encounters of various kinds between individuals not in groups, 
Growls were recorded in none of the 107 encounters in which females called (table 
17), but were noted in 33 of the 432 in which males called (table 16). On 154 
occasions when dominant males arrived at a table occupied by subordinate jays, 
the initial call was a Growl only once (table 18). Growls were also rare in jays 
which were fighting, chasing, or mobbing (table 21); or in the hand, flying from 
the hand, or alighting after release (table 22). That Growls, when they were used, 
were employed by jays with a strong activation of NBM^s for aggression, is sug¬ 
gested by the observer’s impressions in the field and by the data in tables 19 and 


TABLE 18 

Initial Calls Given by Dominant AIales in Their Own Tebettobies when Arriving at 
Picnic Tables Occupied by One or Usually More Jays Other than Their Mates 


Banded caller 

Number of encounters 

Shook 

Musical 




Growl 

N 

XY-00. 


27 

5 

10 



51 

X-YY. 



9 

6 

2 


34 

YRY-X. 



11 

4 


1 

29 

VR-RR. 



9 




23 

0-RXR. 



1 

4 

4 


17 

Total. 

53 

35 

35 

24 

6 

1 

154 


Note: The data were recorded in February and March, 1969. Notice the more frequent use of the Musical note by 
XY-00 than by other individuals. 


20. These data show that almost all of the observations were of jays engaged either 
in supplanting, in Aggressive Sidling, or in calling at another jay without sup¬ 
planting it. Occasionally Growls were given at the observer, and once at a scrub 
jay that was beneath the nest of a Steller’s jay. 

BEHAVIOR ELICITED BY GROWLS 

Since Growls were usually employed at close range, it was difficult to distinguish 
reactions to the calls from reactions to the visual stimuli, and no observations were 
made on situations in which these two aspects could be separated. This in itself 
contrasts with my general observations on some of the other calls, such as Shook 
or Wah, in which the hearing of the call from jays definitely out of sight often 
elicited a behavioral reaction. On one occasion when a male landed on a garbage 
can just outside of his territory, a Growl given by the dominant male 20 feet away 
was followed by an immediate retreat by the intruder back into his own territory. 

Wah 

The Wah was one of the two calls of the Steller’s jay which were heard commonly 
in all months and which are familiar to the casual observer of birds, the other 
call being the Shook. Anyone who is at all familiar with Steller’s jays has almost 
certainly heard these calls many times. As reflected in table 2, the Wah was given 
by both sexes, 36 per cent of a series of 194 observations of jays of known sex 
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being records of females. This was the second highest percentage by females for 
any call which was used by both sexes. 

FORM 

The Wah had a noisy quality such that an individual call could not be easily 
assigned to particular notes on a musical scale, as could the calls with a whistled 
or musical quality, such as the Musical, the Tee-ar, and the Too-leet, The sound of 
^^wah,” if pronounced with a harsh and nasal quality, indicates to some degree the 


TABLE 19 

CJoNTBXTs IN Which SrEXiiEB’s Jays Webb Obsebvbd Giving Various Calls 


Context 

Number of observations 

Rattle 

Musical 

Ox owl 

Wah 

Too-leet 

Shook 

Total 

By supplanter. 

25 

29 

4 

8 

5 

16 

87 

By supplaatee. 

2 






2 

At individual but no supplanting 

12 

19 

5 

6 

1 

22 

64 

Aggressive Sidling. 


2 

6 

2 

7 

32 

49 

In fight. 




1 


2 

3 

After fight. 

1 



1 



2 

Mobbing. 

1 



31 


.. 

32 

Just alighted. 




26 


2 

28 

On picnic table. 

.. 



28 



28 

Appeasement. 

.. 



1 



1 

Answering at a distance. 





* * 1 

2 

2 

Courtship. 


2 



1 


10 

Total. 

49 

52 

16 

103 

13 

76 

308 

Context unspecified. 

78 

88 

2 

i 

131 

17 

77 

393 


Nots: These data are limited to ob8er\'ations made at the time of recording of crest angle. Not all calls are listed. 
The contests which were recorded were piimarily those which could be debcribed in a few words; consequently, many 
were unspecified at the time of observation. 


lack of an abrupt beginning and end to the call and something of its tonal quality. 
There tended to be a slight downward inflection at the end of the call. The Wa% 
was given singly or in a rather dow series of indefinite length, usually little faster 
than one per second and generally much slower than a series of Shook’s. 

POSTUBB 

The postures of jays givii^ the Wah were characteristic of the activities in which 
they were participating, rather than of the call itself. One of the most frequent 
of these activities was mobbing, but the call was also given in submissive begging, 
by juveniles begging for food, and in Aggressive Sidling. 

In mobbing an owl, the jay approached to within a few feet and sometimes 
dove at the owl from above and behind. Usually the crest was quite high, the legs 
were flexed, and the body was lowered toward horizontal, ready for a quick take-off. 
The ducking, bowing, or bobbing movements of body and tail together so char¬ 
acteristic of the scrub jay in similar circumstances, were uncommon in the SteUer’s 
j^. However, the tail was often jerked up rapidly with each Wah and allowed to 
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lower gradually between flicks. The tail was frequently slightly spread during these 
flicks and sometimes spread to a greater extent as the owl was more closely ap¬ 
proached. The wings also were sometimes flicked in high-intensity mobbing. 

Another frequent posture in which the Wah was given was adopted when a jay 
had just alighted in a spot which was unfamiliar or associated with danger in some 
way. Then also, the crest was high and the tail flicked. The postures involved in 
gaping, appeasement begging, and Aggressive Sidling from which the Wah was 
also given, have been discussed above. 

TABLE 20 

Nxjmbbb of Enooxjntbes in WmcH Diffebbnt Calls of Male Stellbe's Jays Webb 
Obsbetbd in Various Types of Aggbessivb Encountee Between 
Banded Individuals 


Aggressive context 

Number of encounters in which caU was used 

Musical 

Shook 

Wah 

Growl 

Too-leet 

Total 

Aggressive Sidling. 

1 

10 



2 

13 

By supplanting jay; 

Before or during. 

22 

15 




42 

After. 

9 

3 




18 

By supplanted jay. 







Threat, but no supplanting or sidling.... 

5 

1 

1 

! 1 


8 


— 

— 


— 

— 

— 

Total. 

37 

29 

u 

1 6 

2 

81 


Note: All vooalizatioxia except the Guttural notes were recorded. Data were collected in the i>eriod January-April, 
I960, inclusive. They are for encounters between individuals, and do not include encounters in groups or between pairs. 


The crest was at any angle from 0 degrees to 90 degrees during delivery of the 
Wah, but in 68 per cent of the 233 observations the angle was 60 degrees or greater, 
the mode lying at 70 degrees (fig. 8). The tail was usually flicked and was some¬ 
times i^read during the Wah, and the wings were sometimes flicked slightly off 
the back, as shown in table 14. The high frequency of tail-flicking was correlated 
with the frequent use of the Wah just after alighting and in mobbing. Wing- 
flicking was most often detected duruog intense mobbing. 

CONTEXTS 

Seasonal frequency .—Although the Wah was heard commonly in every month, 
it was observed, along with other vocalizations, to increase in frequency in March 
and April. There was a decline in frequency correlated with the increased number 
of incubating females in April and May, and a further decline occurred in the 
cooler months of November and December. 

Agonistic situations .—The principle use of the Wah was in monistic situations. 
This is reflected in table 19, which shows that most of the observations for which 
crest angles were recorded during WaA’s were of jays that were either mobbing 
or at or near a picnic table. Since jays were often attracted from other territories 
to these tables, supplantings often occurred there. Also, the association with man 
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and the lack of cover may have contributed toward the appearance of nervousness 
displayed frequently by jays on picnic tables, especially those which were newly 
arrived. The Wah was not observed to have any role in courtship, although it did 
sometimes occur among groups of courting birds as an aggressive response between 
pairs. 

Uncommonness in individual encounters.—The Wah was used primarily in ago¬ 
nistic contexts, but its use in such situations differed significantly from that of 
other calls. In encounters between known individuals the Wah was used infre- 


TABLE 21 

Diffbbential Use of Calls in Cektain Aggressive Contexts 


Call 

Aggressive 

Sidling 

Aerial 

fighting 

Aerial 

chasing 

Group mob> 
bing perched 
owl 

At perched 
or flying 
accipiter 

Shook . 

56 

7 

25 


6 

Musical. 

26 


4 



Tochleet . 

8 


1 

.. 


Guttural. 

8 


.. 



Wah . 

3 

2 


12 

9 

Growl. 

3 


1 



Tee-or. 

3 





Rattle. 

1 


2 

1 


Ack . 




1 

•• 

Total. 

108 

9 

33 

14 

14 

Male. 

90 

1 

28 



Female. 

5 


4 



Sex undetermined. 

13 

8 

1 

•• 

•• 


Note: The occasions on which different calls were observed aie classified according to aggressive context. Calls were 
not usually given durinji aerial fighting, but norxnalty accompanied Aggressive Sidling and aerial chasing. Data for males 
and females were oombmed in the table; of the five instances when were given by females, four were the Rattle and 
one was the Shook, The remainder was given by males. 

quently in comxmrison mth. other calls. Table 17 shows that females tised the Wah 
in only 5 of 107 such encounters, and table 16 shows that males used it in only 35 of 
432 such encounters. In 60 of these encotmters in which the calling jay was the 
victor in a supplanting, the Wah was used only 6 times (table 20). On 108 occasions 
when calls were given by jays m Aggressive Sidling, Woh’s were given but 3 times; 
and of 27 calls given by jays while flying after a fleeing opponent none were Wah's. 

On alighting.—^The relationship between Woh’s and tail-flicking diown in table 
14 is related to the frequent use of Wah'& just after alightiog and in mobbing. 
Dominant jays that gave the call just before or after their arrival at a table 
occupied by one or more other jays, used the Wah on 35 of 154 occasions (table 
18). In these instances there were often not one but several jays present, and the 
caller was not necessarily involved iu supplanting. Although the Wah was not 
the most frequent call in that contest, its frequency was higher than in encounters 
strictly between individuals. In 104 instances in which the contexts of Woh’s were 
recorded (incidental to the recording of crest angles), the jay had just landed 
on a picnic table on 26 occasions; and on 28 additional occasions the jay was also 
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on tlie table but was not recorded as having just landed (table 19). Other jays 
were generally not present at these times. 

The frequency of Wah^s given on alighting rather than in flight is indicated in 
table 22, which records the calls given by jays that were held in the hand during 
banding then released and watched in flight and just after alighting. Of the calls 
that were given in flight, only a small percentage were T7a7i's but of the calls given 
just after alighting, Wah^s were by far the most common. Tail-flicking was in¬ 
variably observed at these times, and frequently Wing-flicking also. 


TABLE 22 

Vocalizations Given by Stellbb’s Jays During Banding and Afteb Beleasb 


CaU 

In hand 

During flight 
fromhand 

On 

after release 

Shook . 

2 

17 

2 


6 

4 

17 

Cack (Squawk). 

1 1 

1 

.. 

Growl. 



1 

Guttural. 


•• 

1 

Records of calls. 

9 

22 

21 

Recorded as silent. 

1 

83 

36 

Unspecified (probably silent). 

143 

47 

97 

Total. 

153 1 

152 

154 


Note: All or almost all of the unspecified oases were of silent jays. Only one t%'p^ of call ^as given by each individual 
in a particular context, except for two jays which gave both IT ah and Shook, 


Mobbing.—Tbe most conspicuous and commonly observed use of the Wah was 
in mobbing certain predators. In mobbing screech owls or great homed owls {Ottis 
asio, Bubo virginianus), which were either alive and perched or were mounted, 
large groups of jays often accumulated. These jays gave only Woh’s at the owl, 
with the exception of a few ack’s or Squawhs occasionally or a Rattle rardy (table 
21). Other calls were frequently heard from such mobbing groups, but these were 
observed to be given invariably at other jays rather than at tbe owl. Since the 
group was often trespassing within an individual jay’s territory, disputes between 
jays were frequently seen in such gatherings. Other situations may have elicited 
various calls among the mobbing jays, but jays which were seen to be approaching 
and calling at the owl almost invariably gave WoA’s. On one occasion when a great 
homed owl took jBdght and flew about 200 feet, the group of jays all ceased giving 
Wah’s and called Shook’s as they flew after the owL This observation was consist¬ 
ent with the observed correlation between WaJi and perching and betwem Shook 
and flying or chasing (see table 21). 

The most frequently observed hawk in the study area was the Cooper’s hawk 
{Acdpiter cooperii ); the sharp-skinned hawk (Accipiter striatus) and the red¬ 
tailed hawk {Buteo jamaicensis) were also seen occasionally. Of 14 occasions when 
calls were observed to be elicited by an acdpiter, the Wah was given on 9, and on 
the other 5 occasions, the call Shook (table 21). There seemed to be a tendeniqr for 
jays who were diving for cover or who were startled by the sudden perception 
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of a fi 3 dng accipiter to give Shook^s. Jays which were perched in good cover and 
mobbing a perched accipiter or one flying at a distance usnally gave Wah^s. Gen¬ 
erally the behavior toward accipitrine hawks resembled that toward owls, in that 
Wah was the most common call, but the active hunting habits of these hawks led 
to greater variability in stimnlns situations, which in turn resulted in increased 
variation in the calls elicited. 

Other animals occasionally elicited Wah^s, A cat elicited Wafe’s when inside a 
trash barrel or under a picnic table, but rarely when walking in the open. When 
a tame fox walked away from some food, a jay gave WaTi^s before going to the food. 
Wah^s were not observed to be given at low-flying turkey vultures (Cathartes 
aura) or red-tailed hawks. A male jay who was being repeatedly dived at by a 
Western wood pewee {Contopus sordidulus) gave several Wah^s at the pewee after 
a few dives. 

The most frequent call given at the human visitors in the study area was the 
Wah. Jays were recorded giving Wah^a at people at least 20 times. Many of these 
cases were in situations in which the person was close to some food to which the 
jay later went, or situations in which he was in some way frustrating the jay’s 
foraging behavior. Mobbing of human beings by jays rarely occurred unless the 
intruders were robbing a nest. People were generally either avoided or watched 
for food, and were not treated as were the owls or accipitrine hawks. 

Other situations, —^As mentioned earlier, the Wah was the usual call accompany¬ 
ing appeasement begging and gaping of adults. The subsection on appeasement 
begging in the section entitled Postures and Movements, above, may be consulted 
for a discussion of the contexts in which such displays occurred. Full-grown 
juveniles begging for food from their parents also used the Wah, Some juveniles 
appeared to call at the slightest frustration; one was seen in early August giving 
Wah’s just after having failed to catch a fly. It then approached its parent, gaped, 
and gave further Wall’s. 

INTEGRATION WITH OTHER BEHAVIOR 

A relatively high level of agonistic arousal in jays giving the Wah was indicated 
by (1) the loud, vigorous manner in which the call was delivered; (2) the tail- 
flicking that usually accompanied it; (3) the Wing-flicking that occasionally ac¬ 
companied it; (4) the high modal crest angle (70 degrees); and (5) its use during 
the mobbing of relatively large and dangerous species such as owls, accipiters, cats, 
and people. Mobbing jays were active, alert, and vigorous in their behavior. Jays 
giving Wah’s on alightmg after release from the hand or on a picnic table were 
also alert and quickly reactive to dight danger stimuli. Wah’s were also observed in 
jays which were not especially aroused, as judged by these criteria, and generally 
the calls were weaker and fewer, the crests were lower, and the tails flicked less 
vigorously. 

A lack of association between Wah’s and a dominance of the NBM’s for attack 
was su^ested by: (1) the infrequent use of Wah’s during supplanting encounters 
between individuals in dominance hierarchies when the outcome was largely pre¬ 
determined; (2) the frequent use of Wah’s against predators; and (3) the frequent 
use of the Wah outside the caller’s territory (in mobbing). 
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The impression was gained, therefore, that Wah’s were typically associated with 
a high level of agonistic arousal and alertness, but not with a strong probability 
of confident attack. Wah’s were observed in jays fighting in mid-air, however; and 
swooping attacks on owls sometimes occurred during mobbing; so occasional at¬ 
tacks certainly occurred. The use of Wah’s in juvenile begging, in appeasement 
begging, and by the jay frustrated by its failure to catch a fiy, suggest that activa¬ 
tion of attack NBM’s need not be strong, and may even be absent during Wah’s. 
Obviously, the range of stimulus situations which could elicit Wah’s was great. 

BEHAVIOR ELICITED BT WAH’S 

Two general types of reaction to the hearing of Wah’s were observed, attraction 
and avoidance. A power of attraction was indicated by the large group of jays 
which often accumulated during mobbing. When only Wah’s were heard and no 
mobbing jays or predators were visible, jays could stiU be seen flying toward the 
scene of a mobbing. Jsys have been observed to cease foraging or other activities 
upon hearing a series of Wah’s and fly toward the sound. When a moimted owl 
was exhibited, the jays sometimes went a long time without noticii^ it even when 
it was within view; but as soon as the first Wah’s had been uttered, it was usually 
only a short time before a group of jays had gathered around the owl. Jays readily 
crossed one or more territories to arrive at a group of mobbing jays; so the power 
of attraction must have been considerable. 

The attractive power of the Wah was also revealed when sunflower seeds were 
placed on a picnic table for bait. The first jay to arrive at the bait was usually a 
member of the pair within whose territory the table stood. Usually on its first 
arrival this jay would give one or more Wah’s, irrespective of whether the observer 
was near the table or was practically out of sight. The calls were fewer and given 
more slowly than in mobbing. After these Wah’s jays could be seen flying through 
the treetops from distant territories toward the baited table. Although the bait 
may have gone undiscovered for a long period, the Wah’s of the first- arriving jay 
usually indicated that a fair number of jays would be utilizing the seeds thence¬ 
forth. The occasional times when other types of call were used in similar contexts 
did not seem to be followed by a gathering of jays. 

The avoidance reaction was not as easily observed as that of attraction. Occa¬ 
sionally in jays which used Wah’s before supplanting attacks it was possible that the 
can contributed to the quicker escape of the subordinate, althoi^h this is debatable. 
On one occasion a pair was giving Wah’s at an unbanded jay intruding on its 
territory; supplanting attacks were not observed, although the pair moved closer 
to the intruder. The unhanded jay then flew into the neighboring territory and the 
pair immediately ceased calling. However, this neighboring pair then commenced 
giving Wah’s and approaching the intruder, which then left the area. All calling 
^en ended. During mobbing the combined effect of many Wah’s might also stimu¬ 
late avoidance in the predator, as it certainly does in some human hunters. Clearly, 
in these cases the effect of the call by itself could be separated from effects of the 
other actions of the callers, and an avoidance response to the Wah’s would not be 
inconsistent vrith the field observations. 

Other reactions to Wah’s were sometimes noticeable. In a male who was taking 
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seeds on a picnic table outside his territory, the sound of seyeral WaW^ nearby 
caused increased watchfulness and a sudden rise in the crest from 20 degrees to 
60 degrees. Wafc’s heard from a few hundred feet or farther away often caused 
birds to answer back with more Wafers so that jays in several separate areas would 
take up the call. 

Too-leet 

The Too-leet was not frequently heard in the Indian Camp population. On none of 
the 26 occasions when the crest angle of a jay of known sex was observed was the 
individual a female (table 2), nor were females ever observed giving the call at 
other times. 

FORM 

In common with the Tee-ar (see below), the Too-leet call had a shrill, whistled 
quality that set it apart from the more usual calls, which had a rasping unmusical 
quality. The call was rather high-pitched and consisted of essentially two syllables 
sounding like ‘‘too-leet” with the second syllable a harmonic fourth to an octave 
higher in pitch and receiving the accent. A third and lower-pitched syllable was 
sometimes added, to make “too-leet-o” The call was usually repeated two to four 
times, sometimes more. In a total of 34 occasions, the call received two repetitions 
8 times; three, 13 times; four, 6 times; and five or more, 7 times. This was probably 
the most variable call in the vocabulary of the Steller’s jay from population to 
population, and it should not be expected that the syllabification described here 
will fit the calls of any other population than the one in Tilden Park. 

POSTURE 

Too-leefs were given when a jay was in flight and also when perched. The caUer 
could be in the position of Aggressive Sidling, or it could merely have the head 
and neck slightly extended. The crest was seen at all angles, but was observed at 
70 and 80 degrees slightly more often than at other angles (fig. 8). The wings and 
tail might be flicked, and the tail spread, although these actions did not typically 
accompany the call (table 14). 


CONTEXTS 

Seasonal frequency, —^Actual counts of the number of times a series of Too-leefs 
was heard in the study area (table 12) revealed that the number heard per average 
composite ten-hour period was highest in the preincubation months of March and 
April, 1959. A decline in the months of incubation and molt reached its lowest 
point in July and August. After a brief increase in the warm month of September, 
the frequency of calls was generally low during the winter. 

A significant increase in the frequency of Too-leefs occurred from February 
through April, 1960, but the frequency ^d not approach the high frequencies in 
the same months in 1959. A similar pattern was evident in the percentage of days 
in the area on which Too-leefs were heard. Da 3 ^ with no calls were most frequent 
from October through January. 

A similar difference between 1959 and 1960 is also detectable in the correspond¬ 
ing data for Tee-ar^s in the same table. The lower frequency of calls in March and 
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April of 1960 than in the same months in 1959 was correlated with: (1) a slight 
reduction in the number of breeding pairs in 1960, from nine to eight, (2) the 
disappearance of an aggressive male (X-YY) and his replacement by a less 
aggressive one (RV-VKX), and (3) the virtual absence of nonbreeding jays in 
1960. 

Agonistic situations, —Jays observed giving TooJeefs while their crest angles 
were being recorded were mostly engaged in Aggressive Sidling or supplanting 
(table 19). Courtship, mobbing, and landing on a picnic table were not represented 
in this sample, nor were TooJeefs heard at any time from jays while courting or 
mobbing. In aggressive encounters between individuals, the call was not observed 
to be given at all by females (table 17), but was recorded on 26 of 432 occasions 
when males called (table 16). Of 108 records of calls given during Aggressive 
Sidling, 8 were of Too-leefs (table 21). Of 33 records of calls given during aerial 
chasing of a rival, 1 was of TooJeet (table 21). And of 154 observations of calls 
given by dominant jays arriving at a picnic table occupied by other jays, only 6 
were of Too-leeVs. Therefore, TooJeet was not a predominant call in any of the 
more common or easily categorized behavioral contexts. However, when it did 
occur, it was usually in Aggressive Sidling or supplanting. 

Individual variation in the frequency of use of Too-leet’s.—^When the records of 
vocalizations for all the jays in the Indian Camp area were considered, the pro¬ 
portion of TooJeefs was very small. But conspicuous variation was found between 
individuals in frequency of use of this call; TooJeefs were never heard from some 
individuals, although they were fairly commonly heard from others. Thus, the 
data for the group as a whole were not typical for many individuals. 

In figure 10 the number of records of TooJeef& for each of the male territory 
holders in the study area is plotted on a map showing in dashed lines the approxi¬ 
mate locations of territories in the spring of 1959. These data were not gathered 
in a regular fashion; rather, they were recorded for various other purposes and 
then combined; consequently, they are only roughly comparable. Special attention 
was given to those individuals which were not known to give the call or to do so 
only rarely, but no attempt was made during the course of the field work to keep 
track of the number of occasions on which Too-leefs were given by each individual 
if they were frequently given by that individual. If this had been done, the num¬ 
bers for males 0-RXR, RT-RYX, and possibly OOO-XRO and the unbanded 
would have been much higher. 

The map (fig. 10) shows that those individuals which regularly employed Too- 
leef& (0-RI^, YRY-X, RY-RYX) plus those which used it rarely (X-YY, 
OOO-XRO, RXR-OR, and the unbanded) had their territories together in the 
southern part of the study area. In the northern part of the study area were the 
territories of the individuals which were never observed to give Too-leefs (XMY- 
YMY, VR-RR, RV-VRX, VO-MVX). Although much time was spent observing 
X-YY and XY-00, TooJeet^s from them were almost never recorded, and the num¬ 
bers on the map can safely be said to represent the only times that the caU was 
ever heard from them with certainty. 

A variety of factors may have contributed to this difiference in frequency of use 
of TooJeefs between difiPerent males. Steller’s jays often answered the call of an 



Fig. 9. Three sets of positions taken during Aggressive Sidling in the course of one encounter 
between two male Steller’s jays. Note the erect crests, the predominantly parallel orientation, 
and the turning of bill and tail toward the opponent. Loud and repeated calling typically oc¬ 
curred throughout such encounters, together with frequent displacement digging or biU-rapping. 

opponent using the same call. Thus, if one jay in the area gave a particular call, 
the other jays would often use it in answering him. Hence, the frequent use of the 
call by 0-BXB may have led some of his closer neighbors to use it also, and vice 
versa. The predisposition to answer with the same call may also have favored 
learning of the call at an earlier age, perhaps when the juvenile first arrived in 
the area and developed a habit of restricting its activities to one particular area. 
Whether or not the learning of the particular phrasing in this call was any easier 
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Fig. 10. Variation between individual male Steller*s jays in frequency 
of use of Too-leeVs in relation to location of territories in the Indian 
Camp study area. The number of records for each male is plotted 
within the appropriate territory. Bashed lines indicate approximate ter¬ 
ritorial boundaries. See table 16 for comparisons of frequency of use 
of Too-lect^B with other calls in these individuals. 

for the young of parents who gave the call commonly than for the young of 
parents which did not, for genetic or circumstantial reasons, is an open question. 

INTEGRATION WITH OTHER BEHAVIOR 

The relatively high crest angles of jays giving TooJeefs suggest that the jays 
usually had a high level of agonistic arousal, although the level could vary widely. 
The high proportion of TooJeefs -which was given during Aggressive Sidling 
further argues for a frequently high level of agonistic arousal. The fact that 
TooJeet^s were given during supplantiag or Aggressive Sidling suggests that at 
times the call was given when the NBM’s for attack were dominant or at least 
not subordinate. 

BEHAVIOR ELICITED BY TOO-LEET’S 

The few observations of changes in behavior subsequent to hearing Too-leefs sug¬ 
gest that in its alerting and threatening role the call resembled the Shook. In a 
pair engaged in Sexual Circling and Sidling, the sound of TooJeefs from else¬ 
where was followed by a temporary cessation of courtship. On another occasion a 
male jay was silently following a man and some small boys as they walked through 
the picnic area and well into the neighboring territory, perhaps hoping for some 
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Fig. IS. Wing-spreadiag with the Gnttoral call, in front and lateral views. The intensitT’ 
levelB referred to in the text and tables are indicated as 1, S, and 3. 


food. Then the sound of a series of Too-leet’a was immediate followed by a silent 
return to his own territory by the pursuing jay, although he was not beii^ chased 
and the caller was apparently not in sight. The use of Too-leefa during Aggressive 
Sidling and supplanting made it difScult to separate the effect of the call from 
the effects of oilier stimuli which inffuenced the opponent^ behavior, but pre¬ 
sumably the call contributed to the total effect of intimidalion. 
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Pig. 13. A, Steller’a with, maximally erect crest, just after alightii^ at a baited 
picnic table, b, preening, with crest typically low. o, typical posture during Song, 
n, position during the Mndeal caU on picnic table before sapplanting. 


Shook 

The Shook was probably the most frequently heard loud call of the Steller’s jay at 
times other than in mobbing. It was the caU most likely to be confused with one 
of the calls of the scrub jay, at times being difficult to <liat.ir>giiiab from the latter if 
heard at a distance. The Shook was given commonly by both sezes in all months, 
with 12 per cent of a series of 139 observations on jays of known sex being of 
females (table 2). 

form 

The call resembles the sound “shook.” It was usually repeated loudly, sometimes as 
fast as five per second. No oilier call was repeated nearly as rapidly. On two 
occasions when the male and fmnale of a pair were calling together, the call of the 
male sounded more like “shook,” and that of the female like “shiek.” Thus, there 
was a suggestion of a slight average difference in the quality of the caU between 
males and females, the females having a slightly h^her-pitdied, thinner, and more 
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metallic-sounding call than the males. Shook^s given by fall juveniles were usually 
not as loud, and were more variable in quality, and uneven in tone and loudness. 

POSTURE 

When the Shook was given, the jay was in flapping flight, or gliding with spread 
tail and wings, or perched. WTien the bird perched, the head was sometimes ex¬ 
tended forward and upward slightly, with the bill a little above horizontal and the 
throat feathers moving perceptibly. The call was often given in Aggressive Sidling. 

The crest was usually erect during the Shook, although it varied from 0 degrees 
to 90 degrees. The frequency distribution of 157 observations of crest angles has 
a mode at 70 degrees, with 63 per cent of the observations at 60 degrees or higher 
(flg. 8). Tail-flicking was recorded 8 times in 29 observations, tail-spreading 7 
times in 30 observations, and Wing-flicking or Wing-spreading no times in 36 
observations (table 14). 


CONTEXTS 

Seasonal frequency. —^Heard in every month, the Shook was most common dur¬ 
ing the period of courtship, when jays commonly gathered in groups at territorial 
borders or within territories. This period was in March and April. The frequency 
of Shoo¥s on a population basis then declined during nesting, rose in the fall when 
more jays were present, and declined again during the winter (fig. 1). 

Agonistic situations. —^Like that of the Wah, the principal use of the Shook was 
in agonistic activities. Table 19 shows that Shook^s were given in most cases in an 
aggressive context. These situations were the following: during or after the sup¬ 
planting of another jay, while calling at another jay without supplanting taking 
place, or during Aggressive Sidling. Shook^s were not recorded as a part of court¬ 
ship or during mobbing of perched hawks and owls. 

In individual aggressive encounters between banded jays, the Shook was the 
second most commonly used call in males (table 16) and females (table 17); these 
data do not include encounters in groups larger than two or three jays. When some 
of these data are broken down according to types of aggressive contexts, as in table 
20, they suggest that the Shook in supplanting was second to the Musical note in 
frequency of use, and that in Aggressive Sidling it was first. Additional data on 
Aggressive Sidling in table 21 indicate more conclusively that Shook was the pre¬ 
dominant call in that context. 

When a group of generally three or more jays on a baited picnic table elicited a 
call from the arriving dominant jay, Shook^s were given more frequently than any 
other call by most individuals (table 18). 

Shook^s were heard from flying jays probably more than any other call. This 
is indicated in three ways. Table 22 shows that Shook^s were given on 17 of 22 
occasions when calls were given m flight just after a bird had been released from 
banding. Similarly, Shook’s were given on 5 of 33 occasions when calls were given 
in flight by one jay chasing another aggressively (table 21). And Shook’s were 
given on 7 of the 9 occasions when calls were recorded during aerial fighting 
(usually by both birds; table 21). It is interesting to note that Shook’s were the 
predominant calls both in escape from the bander’s hand and in aerial attack on 
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another jay. These facts suggest that the criterion of occurrence of acts temporally 
associated with attack or escape is sometimes open to question as a reliable means 
of assessing a predominance of the attack or escape NBM’s (Criterion 2B in table 
25). 

Shook^s were commonly observed given by jays which were flying or about to 
fly, when the context was less easily specified. They were usually heard when a 
group of mobbing or courting jays was dispersing and the individuals or pairs 
were flying from the scene or about to fly. 

Shook^s were uncommon in the contexts in which Wah^s were common, namely 
in mobbing of perched hawks and owls, and on alighting at picnic tables or in other 
situations characterized by a high degree of alertness and reactivity to slight 
danger stimuli. They were, however, sometimes given at hunting accipiters while 
the jays were diving for cover, in keeping with the correlation of the Shook with 
flying. 

Shook^s were also given in response to other sudden danger stimuli, such as a 
nearby dynamite blast, a car horn, or a low-flying jet or helicopter. On two occa¬ 
sions jays gave Shook^s when chased or harried by robins (Turdus migratorius) 
which were vigorously defending their nest areas. The robins desisted after the 
8hoo¥s. 8hoo¥s were commonly given by both male and female jays when driving 
other jays from the vicinity of the nest. 

INTEGRATION WITH OTHER BEHAVIOR 

A relatively high level of agonistic arousal in jays giving the Shook was indicated 
by (1) the loud, vigorous manner in which the call was delivered; (2) the frequent 
use of the call in flight (whether chasing or escaping), (3) its use in Aggressive 
Sidling and (4) in aerial fighting; and (5) the high modal crest angle (70 degrees). 

The secondary role played by Shook’s in supplanting and in other aggressive 
encounters which were usually predetermined by the dominance hierarchy suggests 
that in aggressive ‘‘confidence” the caU was intermediate between the Musical 
(male) and Rattle (female) and the Wah (both sexes). This is discussed in more 
detail below, in the section entitled Integration of Agonistic Behavior. 

BEHAVIOR ELICITED BY SHOOK'S 

The varied responses observed to be elicited by Shook’s indicate that no specific 
behavior pattern other than perhaps increased awareness or arousal, was released 
by the call. The most commonly observed responses in birds whose behavior sud¬ 
denly changed on hearing Shook’s revealed an increased consideration for their 
own safety. Low-intensity responses were as follows: temporary cessation of an 
acthity such as Wing-spreading, mobbing, or picking up sunflower seeds, and an 
appearance of increased alertness shown by raising of the head and turning it from 
side to side, elevation of the crest, “freezing,” or crouching. More commonly, when 
a series of loud Shook’s was heard by jays foraging on the ground or on a picnic 
table, they almost all immediately flew up into the eucalyptus trees. On one occa¬ 
sion, rapid twisting and turning, zigzag flight through an oak canopy was observed, 
such as might be used in escaping from an accipitrine hawk. Another time, a jay 
which had been perched atop a tall eucalyptus tree immediately dove down into 
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the mncli thicker foliage of a coast live oak. Similar escape reactions of varying 
intensities 'were also obseiwed to be given when hunting accipiters were in the area; 
Shook’s were commonly given by jays suddenly surprised by an aeeipiter. 

In other eases, however, Shook’s did not elicit the escape response associated 
■with accipiters or unknown dangers, but instead elicited responses oriented to the 
calling jay. Shook’s were the most common call given during Aggressive Sidling, 
but no change in behavior was ever observed to be associated with hearing the 
call then. In other contexts, when changed behavior was observed, location of the 
hearer and the caller in relation to their respective territories was sometimes a 
deciding factor in the beha'vior subsequently observed. A female collecting nest 
material near her nest performed Wing-spreading when Shook’s were heard 
nearby. When a male outside his territory heard Shook’s, he first flew back into 
his own territory and then performed Wing-spreading. A male on a picnic table 
outside his territory waited at a distance for the dominant male to leave the bait; 
but when the dominant male gave Shook’s, the waiting male quickly flew back to 
his own territory. Another male near a nest not his own quickly returned to his 
own territory on hearing Shook’s. Since Shook’s were the most common calls given 
by jays chasing away intruders, it is possible that the calls contributed to causing 
the intruder to leave; but in these cases and in supplanting, the effects of 'visual 
stimuli could not be distinguished from those of vocal stimuli. 

Another commonly observed response to the hearing of Shook’s from a distance 
was to answer them, usually with more Shook’s but sometimes ■with another call. 
One jay initiating the Shook’s might in this way cause the hills to resound with 
the calls of many other jays answering one another. These jays seemed to be on 
their own territories when calling, and the total effect was in some ways similar 
to that of the answering of songs in more typical songbirds. 

The responses to heanr^ Shook’s were basically of two general types: (1) ac- 
eipiter-oriented, in which a jay flew to safe cover; and (2) jay-oriented, in which 
the jay flew to his own territory or toward the intruder if ■within his own terri¬ 
tory. Therefore, it is reasonable to suspect that the hearer could teU. from the 
way that the call was being given something about what had elicited it. Durir^ 
the latter part of the field work I felt that I could detect qualities of abruptness, 
loudness, and brevity in calls elicited by accipiters which were not present gen¬ 
erally in Shook’s elicited by other means; and on the few occasions when it was 
possible for me to test my recognition of this variant I foxmd that on hearing 
these calls I could indeed find an aeeipiter nearby. 

In the scrub jay a similar situation was definitely found to exist in the popu¬ 
lation at the Hastings Eeservation. One call {*‘whew”) was used in many other 
contexts, but when given in a special way (abruptly, loudly, ■with three or four 
in a phrase, and followed by silence) it coiild almost invariably be followed by 
the discovery of a huntii^ aeeipiter. Other jays hearii^ the call probably also 
recognized this variant as indicatk^ an aeeipiter, since they reacted by precipi¬ 
tously plummeting for the nearest cover. 

It is interesting ■to note that ■the Shook of ■the Steller’s jay and the “whew” of 
scrub jay are the calls which bear ■flie closest interspecific resemblance in their 
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sotmd, were used in similar contexts, and were botli modified by abruptness, 
loudness, and brevity in response to hunting accipiters. 

Teb-as 

The Tee-ar is well known to field ornithologists because of its resemblance to a 
scream of the red-tailed hawk. Both male and female jays have been seen giving 
it; however, it was far more commonly given by males than females, being given 
by females in only 2 of 39 instances in which the sex of the calling bird was re¬ 
corded (table 2). Juveniles have been observed giving the call in August. 

F0B1£ 

The Tee-ar was characterized by a clear, whistled quality and a slow, downward 
slurring for an interval on a musical scale of approximately a sixth. It was 
usually delivered slowly and singly. 

POSTURE 

The Tee-ar was observed to be given by jays in normal postures, with their heads 
thrust forward 1-2 cm. One jay was seen giving the call while flying toward 
the observer and turning its head from side to side. The modal crest angle in a 
group of 42 observations was 70 degrees, with 84 per cent of the observations 
at 60 degrees or more (fig. 8). Although Tee-ar’s were frequently heard, they were 
commonly given from concealment; hence, visual observations of callii^ jays were 
comparatively few in number. The data in table 14 show that Wing-flicldng and 
tail-spreading did occur with Tee-ar’a, but were not characteristic. Tail-flicking 
was observed in more than half of the cases. 

CONTEXT 

Seasonal frequency .—^Actual coimts of the niunber of individual Tee-ar'a heard 
in the study area on the regular field trips are summarized in table 12. The data 
show that Tee-ar’a were more frequent in March than in April both in 1959 and 
in 1960. This is indicated both by the number of calls per average composite ten- 
hour period and by the percentage of days on which Tee-ar’a were heard. Further¬ 
more, in 1960 the frequency of Tee-ar’a declined from a peak in February through 
March and April. In contrast, Too-leet’a were more common in April than in 
February or Mardi, and all other calls were more frequent in March and early 
April than in February (fiig. 1). This supports the general impression gained 
in the field that Tee-ar’a reached a peak in conspicuousness and absolute number 
earlier in the spring than did the other calls. Aside from this difference, the sea¬ 
sonal distribution of Tee-ar^a was generally similar to that of the other calls, with 
a peak in the preincubation months, a decrease during incubation and molting, 
an mcrease during the fall, and a low during the winter. 

The difference between llie years 1959 and 1960 is discussed above under the 
topic of the seasonal frequency of the Too-leet eaU. 

Agonistic situations .—^Although the Tee-ar was not employed in court^p, 
neither was it often used in the more common agonistic contexts. As shown in 
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table 21, it was used in only 3 of 108 instances of calling during Aggressive 
Sidling. In all kinds of aggressive encounters between banded individuals which 
were not in groups, the call was used on only 2 of 432 occasions by males (table 
16), and on none of 107 occasions by females (table 17). It was not used at aU 
in fighting, chasing, or mobbing (table 21); nor was it used by dominant males 
when arriving at a picnic table occupied by one or more other jays (table 18). 

In the most frequently observed context, the calls seemed to be given at the 
observer and usually from concealment, or at least from a safe perch high in a 
tree much farther away than if the jay were mobbing and giving WaVs, The 
jays giving these Tee-ar calls had either been surprised by the observer as he 
walked along a trail or were watching him as he was placing sunflower seeds on 
a picnic table or getting out of his car. Hence, they were rather unnatural situa¬ 
tions to the extent that the calls were a reaction to man. 

The situations in which Tee-ar^s occurred naturally were difficult to categorize. 
On only three occasions was the caU obviously given at other jays, and these were 
during Aggressive Sidling. Usually, the stimulus eliciting a Tee-ar was difScult 
to identify, because of the practice of giving the call alone, from concealment, 
and at a considerable distance from any possible stimulus candidates. It was oc¬ 
casionally given by birds going to or from their nests. On two occasions it was 
given as a red-tailed hawk flew over low. And once it was given by a jay standing 
inside an unsprung trap. 

INTEGRATION WITH OTHER BEHAVIOR 

A high level of agonistic arousal in jays giving the Tee-ar is indicated primarily 
by the high level of crest erection. The rarity of this call in flghting, in Aggressive 
Sidling, in other aggressive encounters between jays, and in mobbing neither 
supports nor precludes such an interpretation. The rarity of the call in temporal 
proximity to actual attacks suggests that NBM’s for attack were not dominant. 
The high frequency of calling from a distance or from concealment, especially 
when the calls were given toward man, suggests that NBM^s for avoidance (or 
escape) were dominant. However, Tee-ar^s were usually associated with an ap¬ 
proach toward man or a reluctance to leave in his presence, rather than with 
escape or simple avoidance, which were usually carried out silently. Generally, 
an element of alarm or alertness seemed to be present in all instances. 

BEHAVIOR ELICITED BY TEE-AR’S 

The only detectable change in behavior in jays just after hearing Tee-ar^s oc¬ 
curred when they answered them using Tee^ar’s also. A whistled imitation of 
a Tee-ar invariably caused naive, hand-raised Steller^s jays several weeks old 
to “panic’’ and attempt to escape or hide in a comer of their cage. 

Squawk 

The Squawk was heard only rarely, but it was more consistently identifiable with 
a readily identified agonistic context than any other call. It could be syllabified 
as “cac&/’ or but was of variable form. It was usually loud and 

noisy, and was rarely repeated. The call was almost invariably given in flight 
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when the jay was being closely pursued or was diving within several inches of 
a great homed owl. Usually it was not given unless body contact had just been 
made or was suddenly imminent. For instance, it was given by a jay who had 
just been pecked in mid-air by the chasing jay. And it was given by jays who 
were stmck by Western pewees and robins defending their nest areas. When 
given during the mobbing of owls it was, of course, associated with Wah% and 
at times sounded like an exaggerated, explosive form of the Wah, 

Other Vocalizations 

Various other vocalizations were occasionally heard in the study area. Some of 
these might be considered extreme variations of the calls previously discussed, 
and possibly some were peculiar to certain individuals, although their rarity pre¬ 
cluded verification of this possibility. They are described because they indicate 
something of the versatility of the jays^ voice and because of their relationship 
to mimicry, and to individual, local, and geographic variation in voice. They were 
so uncommon that any important functional role seemed unlikely. 

PIP 

On April 6,1958, while I stood directly under the nest that 0-RXR and MO-]!^IX V 
were building, one of them gave a series of ten to fifteen nuthatch-like pip^s for 
one or two seconds. A possible variation of the same call was heard on March 21, 
1959; MO-MXV went to the nest tree and made a sound which was just like that 
of a eucalyptus branch bending in the wind {pip — pip — pip, etc., at the rate 
of five or six per second). On April 3, 1959, XER-EV was also seen giving a 
series of pip% Although I have no other records of the call by banded birds, at 
a few other times when the call was heard the callers were out of sight but 
within the areas normally frequented by MO-MXV and XRB-RV. 

CHIRP 

On April 5, 1959, while singing after having fed a fully developed juvenile, 
XOT-YO interspersed a number of loud clear notes sounding like “'cliirpj' The 
same call had been observed several times the preceding spring in MR-WOX, 
which repeated it at the rate of three per second m long series, evidently by 
himself. It was often heard coming from the area frequented by MR-WOX, but 
the caller was only seldom seen. No other individuals were recorded giving 
chirp^Q, 

MEOW, EERT 

On September 2,1958, female XWW-EGW was seen giving nasal "me, me, meow” 
a very catlike sound. On the same day, a lone jay partially hidden in the leaves 
gave a series of high-pitched calls sounding like "eerf,” each one being down- 
slurred and ending abruptly. These two calls were never heard again, although 
XWW-EGW was resident in the study area. 

SQUIRREL CALL 

On November 13,1959,1 heard a nasal, down-slurred call which I at first assumed 
to come from a scolding fox squirrel {Sciurus niger ); it was difficult to believe 
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that it was coming from male 0-EXE Tintil I saw his hill open slightly with each 
call. The calls were given at the rate of about one per second. This was the 
only record of such a call from the study area. However, on August 4,1957, on 
the Hastings Reservation, Cannel Valley, a series of low, harsh notes (“scoio” 
or “scoff”) which seemed a good imitation of the gray squiirel’s {Sciurus griseus) 
scolding notes was heard from a SteUer’s jay. In both cases the observer’s pres¬ 
ence seemed to have elicited the calls and there were no squirrels in sight. 

LOCAL VAEUTIONS 

No attempt to study local variations in vocabulary was made, but experiences 
in the course of a few trips for other purposes to various areas in the Coast Range 
indicated that such variations existed. Although the syUabiScations of randomly 
observed calls described here are to a degree subjective and cannot be used in 
objective comparisons with the descriptions published by other authors, they 
nevertheless represent real differences heard in the field, and as such deserve 
mention. The differences which were noted were generally in those calls with a 
whistled or musical quality and with phrases of a few notes. No differences were 
detected in the harsh, noisy, single-syllable calls. 

An indication of local dialects in jay calls has already been mentioned in the 
discussion of the Too-leet, in which it was shown that the call was essentially 
restricted to jays in the southern half of the study area and was not recorded 
from jays in the northern half nor heard from other populations. Individual dif¬ 
ferences in the Musical which could become the basis for local population differ¬ 
ences were shown in table 13 and discussed earlier. A few other geographic 
variations not heard on the study area will now be mentioned. 

At the Hastings Reservation on many days in July and Ai^ust, 1957, a call 
was heard from several individuals which has not been heard at any other locality. 
It seemed to be characteristie of the local population. It consisted of a loud, 
down-slurred initial note, a modification of the Wah, followed by a series of 
normal Wofc’s, usually three; and it could be represented as “deo-crach-crack- 
crack.” Sometimes it seemed to be elicited by the presence of the observer. 

Just a few miles south of Indian Camp, in Strawberry Canyon, Berkeley, 
SteUer’s jays were heard on two occasions giving a call which was never heard 
elsewhere. It resembled a combination of Tee-ar and Too-leet in both tone quality 
and phrasing, and could be expressed as “tee-ar-o-leet” the initial phrase soxmi 
ing like a Tee-ar with the usual defiection in pitch, and the terminal phrase 
containing a two-note sequence with the last note slightly higher than the lowest 
part of the sound “tee-ar.” More Hum one jay was heard giving the call, which 
was repeated many times. 

Similarly, two calls distinctly different from anything heard in other popu¬ 
lations were heard in April, 1957, on Mount Diablo, about 20 miles east of 
Indian Camp. These also had several notes widely separated in pitch and were 
of a dear, liquid tonal quality. One could be syllabified as “ee-yo-rk,” with the 
first note the highest and the second the lowest; the other, with similar intona¬ 
tion, as "pip-fo-if,” perhaps a variant of the same call. Many different calls have 
been described in the literature, and although some of the differences are merely 
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subjective, it seems probable from tbe descriptions that some of these calls also 
represent individual or local variants analogous to the ones discussed here. 

MIMICRY AND LEARNING OP CALLS 

Unlike the European jay {Garrulus glandarius), the Steller’s jays of the Indian 
Camp populations were only rarely observed in interspecific mimicry. The calls 
described above which resembled a scolding squirrel, a nuthatch, and a eucalyptus 
limb creaking in the wind, could be interpreted as mimicry, but these were the 
only such records in the entire study. The Tee^ar might be considered an imitation 
of a cry of the red-tailed hawk, but it was heard much more commonly than were 
the cries of the hawks, and it seems as likely that the ja 3 i^ learned it from one 
another as from the hawks, at least in this locality. The Tee-ar, or hawk scream, 
is widely mentioned in the literature and probably occurs over much of the range 
of the jay. 

Close listening to the phrases employed in the Song might reveal some that 
were copies from other species, but only suggestions of this sort of mimicry have 
been heard thus far. 

Mimicry of the call of a loon has been reported for the Steller's jay (Munro, 
1935). And a call “that sounds like a weak, harsh imitation of the wake-up of 
Colaptes auratus*^ was also noted (Batchelder, 1885). 

Seasonal Changes in Frequency op Vocalizations and 
Associated Behavior 

The occurrence of a peak frequency of various vocalizations in the spring followed 
by a decline in early summer, and then a second but smaller peak in late summer 
followed by the low during the winter, is shown in figure 1 and table 12. Figure 1 
is based upon impressions of the frequency of each type of call or behavior pattern 
recorded immediately after the observation period. The presence or absence of the 
behavior patterns was objectively recorded, but their frequency during the observa¬ 
tion period was estimated on a scale from 0 to 4. In order to reduce the dangers of 
subjective estimation, I chose two calls, Tee-ar and Too-leet, which could be easily 
counted during the observation period. Since each Tee-ar and each burst of Too- 
leefs was recorded objectively, these records (table 12) served as a check on the 
general pattern of the more subjective data in figure 1 and partially verified their 
validity. 

Although no attempt was made to correlate these changes precisely with events 
of the gonadal cycle and climate, a general correlation with reproductive activities 
may be drawn. The maximal frequencies in the spring occurred during the period 
when most paired jays were engaged in courtship and when territorial defense 
was strongest, but prior to the period of nest building. 

Because the data in figure 1 and table 12 are for populations rather than indi¬ 
viduals or pairs, the differences between prenesting and incubation periods are 
smoothed out. In other words, the presence in the population of pairs whose first 
nesting attempt had failed, and of unpaired jays, and also the lack of i^chrony 
between normal adult pairs in the onset of the reproductive cycle, obscured the 
sharpness and extent of the change m behavior which occurred when nesting and 
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incubation commenced. Tbe relative quietness of jays during nesting is a common¬ 
place observation of many amateur students of birds. 

For the population as a whole this quietness in the breeding season was most 
conspicuous approximately from mid-April until July. Correlated with decreased 
vocal behavior at this time was a preoccupation with care of the young. The rise 
in vocal activity in the late summer was correlated with a decrease in parental 
behavior, with the increased wandering of postbreeding jays, and with their 
accumulation in favorable areas, such as Indian Camp. The contribution of the 
young of the year to the increased vocal activity in late summer was relatively 
small, because breeding success was almost nil and because Battles, Musicals, 
Too-leefs, Tee-ar% Ow’s, and Growls were rarely if ever given except by adults. 
First-year jays did, however, contribute to the late-summer increase in frequency 
of Wok's and Shook’s. Unexpectedly, the period of greatest vocal activity in late 
summer coincided roughly with the middle of the period of molt, which was 
heaviest in August and late July. 

The period of lowest vocal activity, from November to January, was correlated 
with cold weather, with relative scarcity of food, and with a low population density 
due to the exodus from the study area in October of most of the unpaired jays. 
The brief peak of activity in December, 1959, was the result of a rare chance event, 
and is not tj'pieal of that month. For a period of several days in December, 1959, 
a female jay had lost her mate. Then another male began courting her, with the 
result that much vocal activity occurred for two or three days in connection with 
this unseasonal courtship. The neighboring pairs were also stimulated to greater 
vocal activity at this time. After these few days, vocal activity dropped quickly 
to the normal low level characteristic of the winter. 

Since in figure 1 the number of observations for each call is approximately the 
same, a crude estimate of the relative abundance of each call may be obtained 
by comparing the number of days in the year on which each call was not heard. 
In order of increasing frequency of days of nonoccurrence in about 175 observa¬ 
tion periods, the calls are arranged as follows: Shook (1 day), Wah (1), Battle 
(15), Musical (23), Tee-ar (26), Oio (75), Growl (77), and Too-leet (83). This 
sequence corresponds to the impression in an average two-hour period in the study 
area, of the comparative frequency with which each call was heard. 

Some differences in the seasonal patterns of frequency between the various 
vocalizations exist, but explanations for most of these differences are not readily 
available. For example, it has already been noted (in connection witii the seasonal 
frequency of the Tee-ar) that the frequency of Tee-ar’s reached its peak in Febru¬ 
ary, earlier than the peak frequencies of other calls. 

Also it may be seen in figure 1 that the distribution patterns for the Battle and 
the Musical are quite similar, and together differ in minor ways from the patterns 
for all other vocalizations. Similarly, the patterns for Wah and Shook have much in 
common; and both differ from the Battle and the Musical in their continuation of 
the late-summer plateau of high frequency into August and September. Since Wah 
and Shook were the commonest calls of first-year jays and of others without terri¬ 
tories, a reasonable explanation for this difference might be the beginning of more 
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frequent vocalizations by young jays, the effect of which was diminished in October 
and late September by the general exodus of jays without territories. 

Another difference in seasonal distribution may be seen in the Ow. Figure 1 
shows that the spring rise in frequency began about two weeks later than in the 
other calls and reached its peak when all other calls except the Eattle and the 
Musical had begun their decline. No explanations for this difference and for some 
of the others which close inspection of figure 1 reveals are apparent. 

INTEGRATION OP AGONISTIC BEHAVIOR 
Pattern of Organization of Agonistic Behavior in the Steller’s Jay 

PREDISPOSING AND ELICITING FACTORS FOR AGONISTIC BEHAVIOR 

Since the integrative mechanisms of agonistic behavior cannot be studied in isola¬ 
tion from the stimuli which activate them, it is necessary to deal with both to¬ 
gether. 

Activation of the series of behavior patterns in the Steller^s jay correlated with 
increasing agonistic arousal bears a relationship to a number of stimulus factors 
in addition to the intensity of resistance of the opponent. These may be grouped 
into two classes: (1) factoi*s which predispose toward a higher level of agonistic 
beharior, and (2) factors which immediately elicit higher levels of agonistic 
behavior. 

Among the factors which may determine the predisposition of a jay toward 
agonistic behavior are: (1) location in respect to its territory, (2) previous experi¬ 
ences of the jay in aggi^essive encounters with pariicular jays (this factor in part 
determines the significance of location), (3) phase of the gonadal cycle, and (4) 
goal valence to the jay of the object of the encounter (determined by degree of 
hunger, thirst, etc.) or need state. 

These factors by themselves do not elicit agonistic behavior, but generally re¬ 
quire the presence of an eliciting factor also. Factors 1 and 2 work together, in 
the same sense that the success of a jay in previous encounters with particular 
individuals at a particular location determines the jay's predisposition to attack 
or escape that individual at future times at the same location. The prenesting 
behavior of the Steller's jays, which is correlated with the gonadal cycle, is char¬ 
acterized by increased wariness outside their territories and by an increased prob¬ 
ability of display or unprovoked attack at intruders within their territories. 
Except in the breeding season, a jay usually supplanted other jays in its territory 
only when there was a specific goal, such as a food source. While the do min ant jay 
was storing a load of sunflower seeds, other jays were free to take seeds from the 
same source. Thus the attacks of dominant jays were largely contingent upon their 
predisposition to attain a goal. When that predisposition was absent, or if the jay 
was otherwise occupied, attacks did not occur. All of these factors which may 
predispose a jay toward agonistic behavior seem to facilitate agonistic behavior 
at any level of arousal. At least the first three may facilitate either attack or escape 
in appropriate situations. 

Among the factors which may immediately elicit a higher intensity of agonistic 
behavior are: (1) resistance of the immediate opponents; (2) aggressive behavior 
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of other jays, especially calls; (3) actions of other species (e.g., owls, cats, man); 
and (4) miscellaneous noises and movements, such as jets, helicopters, buses, wind, 
and the rustling of leaves. Two or more of these factors in addition to the pre¬ 
disposing factors may combine to determine the level of agonistic behavior. 

DIFFERENCES BETWEEN SEXES IN AGONISTIC BEHAVIOR 

Male jays were generally dominant to and more frequently aggressive than fe¬ 
males. In dominance hierarchies based on supplanting encounters observed at 
picnic tables, males ranked above females with few exceptions. Males also par¬ 
ticipated more frequently in supplanting encounters than did females; on 11,410 
occasions when a color-banded jay was recorded as a participant in a supplanting 

TABLE 23 

Comparison of Cbest Angles in Male and Female Stellee’s Jays Dubing Supplanting 
Encountebs at T7 in Which the Attack Was Begun on the Table and No 
Increase in Crest Angle Was Observed (Simple Supplanting) 


Individuals 

Degrees of elevation of crest 

Total 

Mean 

0 

10 

20 

30 

m 

i 

m 

D 

m 

90 

10 males. 

7 

17 

34 

50 

12 

m 

7 

1 

1 


134 

27 

Female XW-WW. 


1 

5 

18 

1 



1 


26 

wm 

Female MVM-VXM. 

6 

4 


1 







11 

6 













Noth: Data axe actual numbers of observations, not percentages. 


eneoTinter, tlie percentage of females recorded ranged from 6 per cent of 1,786 
occasions in May to 44 per cent of 572 occasions in December and January, with 
an average of 24 per cent for all months combined. Females were accordingly less 
successful than males in supplanting encounters involving both sexes, vrinning 
606 and losing 2,185 in the same period. 

The lower frequency of encounters and especially of wins in females than in 
males, is reflected in the sex ratios of the calls listed in table 2. In all calls which 
were given by both sexes, the proportion of records for males was much higher 
than for females. Except for Song and Gutturals in some contexts, all the calls 
were given primarily in agonistic contexts; and since males more frequently par¬ 
ticipated in supplanting than females, they had more frequent opportunities to 
use the calls. Males also participated more frequently than females in Aggressive 
Sidling (95 per cent of 95 observations) and in aerial chasing (85 per cent of 27 
observations). Shook’s were the most common calls in the latter two contexts, a 
fact which correlates with the low percentage (12 per cent) of Shook’s recorded 
for females. In contrast, the percentage of observations of Wah’s by females was 
much higher, 44 per cent. TToh’s were more commonly used in mobbing and other 
situations in which supplanting, chasing, and Aggressive Sidling did not occur, 
and in which participation by both sexes was more nearly equal. 

Despite the lesser success and frequency of females in aggressive encounters, in 
quality their behavior was not noticeably different from that of males, except for 
the calls which were restricted to one sex, such as the Musical and the Battle. In 
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table 23 it is shown that the crest angles during supplanting were generally similar 
in males and a female, although another female was anomalous. In table 24 the 
crest-angle distributions during Wah^s in males and females are shown to be simi¬ 
lar, with means of 60 and 59 degrees respectively; however, the modes differ by 
10 degrees. Although the data for other calls were not sufficient for such a detailed 
comparison, no indications have been found of differences between the sexes in 
crest-angle distributions for a given call or other activity. Therefore, no important 
differences between the sexes in the organization of agonistic behavior are apparent, 
except in frequency and success and in the Battle and the Musical, which essen¬ 
tially correspond to each other in the ways in which they were used. These differ¬ 
ences could be theoretically accounted for partially on the basis of an average 

TABLE 24 

A CJoMPAEisoN OF Cebst-angle Distribohons in Foubtben Male and 
Nine Female Stbllee’s Jays Dubinq Wah's, in the Pebiod 
Septembbb, 1958-Apeil, 1960, Inclusive 



Nora: Data aie expreesed as percentages of N« 


difference in androgen level between the sexes, higher levels of androgen in males 
possibly causing lower thresholds for agonistic behavior than in females. The larger 
size of males may also be important in their more frequent success in supplanting 
females, 

BEHAVIORAL EVIDENCE FOR THE CONCEPT OP AGONISTIC AROUSAD 

By “agonistic arousal” is meant the activation of the neural substrate necessary 
and sufficient for agonistic behavior. In this study, agonistic arousal may be rec¬ 
ognized only by behavioral parameters. In calibrating the scale of agonistic arousal 
it is first necessary to establish a series of behavioral reference levels. Because the 
act of aerial fighting probably represents the highest intensity of muscular action 
and physiological readiness for action, it will be used to represent the extreme 
form of agonistic behavior and therefore the highest level of agonistic arousal 
Aggressive Sidling is the behavior pattern which usually follows aerial fighting, 
or may substitute for it; consequently it will be interpreted as representing a level 
of agonistic arousal just below that of aerial fighting (Criterion 2B in table 25), 
On the other end of the scale, sleep and rest may be interpreted as representing 
the lowest level of agonistic arousal, with normal foraging and feeding behavior 
representing a slightly higher level At an intermediate level is the *Wing-spreading 
accompanied by Guttural notes. The correlation of these levels with the degree of 
resistance of the opponent during supplanting has been discussed above, in the 
section entitled Crest Movements, and is shown in table 11. 

The existence of a common factor in the integrative ^stem for a variety of types 
of threat behavior is suggested by the following consideratioous: (1) Increasing 
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the intensity of the family of stimuli which constitutes the resistance of the oppo¬ 
nent leads to a recognizable series of behavior patterns, from Wing-spreading, 
through Aggressive Sidling, to aerial fighting. (2) The angle of the crest is directly 
correlated with both the resistance of the opponent (table 11) and the series of 
behavior patterns just mentioned. (3) The various stages of this series are char¬ 
acterized by particular vocalizations, which are also correlated with crest angle. 

TABLE 25 

Chttbeia for Inteepretinq Theoretical Presence or Activation op a Neuron Pool 
Concerned with a Particular Functional Group op Behavior Patterns 


PROM Objective Observations op Behavior 


Level of Criteria of activation of Example for Example for 

inference population of neurons attack Steller's jay 


1. Primary. Occurrence of the definitive act Actual attack Supplanting attack; 

combat 


2. Secondary.. . A. Occurrence of isolated ele- Incomplete at- Pecking; rapid approach 


ments of definitive act tack actions 

B. Occurrence of acts tempo- Threat display, Aggressive Sidling 

rally associated with defin- strong 

itive acts 

C. Occurrence of environ- Trespasser One jay near another’s 

mental context associated within terri- nest 

with definitive act tory 

3. Tertiary. . A. Occurrence of isolated ele- Incomplete Displacement bill-rap- 
ments of secondary-level threat dis- ping;iSAooifc’s (elements 

acts play of Aggressive Sidling) 

B. Occurrence of acts tempo- Threat display, Wing-spreading 

rally associated with sec- weak 

ondary-level acts 

C. Occurrence of environ- Territory bor- Where Aggressive Sid- 

mental contexts associated der ling occurs 

with secondary-level acts 

Note: The dependability of these criteria decreases -with increasing level of inference. Tinbergen^s (1959) criteria 
(a) C'elements of recoffoizable motor patterns”), (6) C’time scores”), and (c) ("compares the external situations”) corresp 
pond to my criteria 2A and 3A, 2B and 3B, and 2C, and 3C, respectively. 

(4) The series appears to be one of increased vigor and exertion behaviorally and, 
therefore, is probably accompanied by increases in the physiological parameters 
normally associated with increased activity, such as heart rate, blood pressure, and 
localized vasomotor effects. The striking correlation between the factors just men¬ 
tioned supports the interpretation that activation of a single, large population of 
neurons may be a common factor in the integration of all the behavior patterns 
indicated above into the functional pattern which has been observed. 

RELATION OF ATTACK AND ESCAPE TO AGONISTIC BEHAVIOR 

General ,—The concept of agonistic arousal is not sufficient in itself to explain 
all of the behavior observed in the Steller^s jay. Although all of the behavior pat¬ 
terns which have been shown to be agonistic can be fitted into a linear sequence 
using the parameter of mean crest angle, such a procedure ignores the variety of 













Brown: Integration of Agonistic Behavior in the Steller^s Jay 311 

factors whicli cause differences in behavior at the same crest angle. Examination 
of any of the frequency distributions of crest angles (figs. 3 through 8) shows that 
the same activity may occur at a variety of crest angles, and that a variety of 
activities may occur at the same crest angle. At one crest angle a jay may attack, 
escape, advance, retreat, call, remain silent, or display in a variety of postures. 
Therefore, factors infiuencing variation in behavior at the same level of agonistic 
arousal must be considered if we are to gain further insight into the integration 
of the total complex of agonistic behavior. 

Since virtually no single behavior pattern has been observed in which each per¬ 
formance is invariably characterized by a predictable crest angle, the integrating 
mechanisms for the respective behavior patterns must differ from each other in 
more than the one theoretical parameter of intensity of activation. Therefore, the 
integration of each behavior pattern is not the property of only one population 
of neurons for agonistic behavior but of a number of populations. The problem, 
then, becomes one of identifying and describing the properties of the additional 
hypothetical populations in terms of observed behavior. 

The discrimination and identification of higher levels of integration (those 
affecting a wider variety of behavior patterns) cannot be done entirely on the 
basis of the observed patterns of effect or action of individuals. The context in 
which the actions occur is also important, for it supplies the immediate eliciting 
sensory input and determines functional consequences of the acts themselves. 
It is generally accepted that the central nervous system (CNS) is organized on 
the basis of functional systems. For instance, there is fairly discrete localization 
at various structural levels in the CNS for such functional systems as vision, 
audition, and other sensory systems, voluntary muscle control, postural reflexes, 
blood pressure, and respiration. It is therefore to be expected that the neural 
mechanisms for some of the more basic behavioral functional systems may also 
have structural localization to some extent. So it is logical to select groups of 
behavior patterns with a common function and to examine their components, on 
the assumption of a common structural localization. Threat beha^dor may be one 
such functional group. Behavior patterns relevant to attack and escape constitute 
two other possible groups. 

In all agonistic behavior the neivous system must somehow effect a compromise 
between the behavior patterns which are directed toward the avoidance of and 
escape from danger and those which are directed toward the attaioment of a 
dangerous goal. Some of these goals are the attainment of food or a mate m the 
face of competition, defense of an area, and defense of the nest, eggs, and young. 
In pursuit of some of these goals, fighting or threatening may frequently be em¬ 
ployed. Hence, it has commonly been assumed that in most agonistic behavior 
there is a conflict between the NBM’s for escape and those for fighting or attack, 
although other types of conflict are also possible, depending on the situation. Other 
authors have found it convenient to interpret agonistic behavior in various species 
in terms of the intensity and balance of the conflicts between attack and escape 
NBM’s which were inferred to accompany the behavior in question (e.g,, Tin¬ 
bergen, 1959). 

The criteria listed in table 25 will be used in an attempt to determine the balance 
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or dominance of attack and escape NBM’s in the principal agonistic behavior 
patterns of the Steller’s jay. 

Relative dominance of attack and escape NBM^s in some displays. —^In Aggressive 
Sidling the lateral and parallel orientation of displaying opponents suggests a 
balance between attack and escape NBM’s; this orientation represents a compro¬ 
mise between facing the opponent in frontal position, a component of actual attack, 
and facing away, a component of escape (Criterion 2A). The t5T)ical absence of 
advancing or retreating by the opponents may be similarly interpreted (2A). The 
employment of Aggressive Sidling between males at their mutual territorial boun¬ 
daries also suggests that the attack and escape NBM’s are rather evenly balanced 
(2C). That Aggressive Sidling sometimes precedes and frequently follows actual 
fighting might be interpreted to indicate a dominance of the attack NBM's (2B), 
although the change in behavior of the opponent may also be important in this case. 

Since Shook is the most common call given during chasing (table 21) and the 
second most common call during supplanting attacks (table 20), it could be inter¬ 
preted as an indicator of dominance of the attack NBM’s (2A). That Shook is also 
the most common call in Aggressive Sidling (table 21) suggests that the attack 
NBM's are dominant in that activity also (2A). To complicate the analysis further, 
however, Shook^s are also the most frequent call during escape from banding 
operations (table 22); hence, their occurrence in Aggressive Sidling would indi¬ 
cate a dominance of escape I®M’s (2A). 

Therefore, three arguments agree in suggesting a balance between attack and 
escape mechanisms; two suggest dominance of the attack mechanisms; and one 
suggests dominance of the escape mechanisms. Consequently, the display is diffi¬ 
cult to characterize on the basis of attack and escape NBM's alone. However, the 
more direct and easily observed indicators, such as the jay's failure to advance or 
retreat at his territorial border, suggest a balance between attack and escape 
NBM's. And the indirect criteria which rely on vocalizations as indicators, and on 
proximity to actual attacks or escapes, are susceptible to alternative explanations, 
as will be shown. Also, the display may cover a range from dominance of the attack 
NBM's at some times to dominance of the escape NBM's at others. 

In Wing-spreading, which generally is accompanied by Guttural calls, the 
orientation of the displaying jay is frontal, toward the opponent, which suggests 
do min a n ce of the attack NBM's (2A). However, the display is given at long range 
(e.g., 5-50 feet) from the opponent, rather than at short range (%-2 feet) as in 
Aggressive Sidling, and the orientation at such a long distance would seem less 
important as an indicator of attack NBM's. The spreading of the wings has the 
appearance of a movement which has become evolutionarily specialized for a dis¬ 
play purpose; thus, its components cannot be interpreted as unmodified elements 
of the motor patterns of attack or escape mechanisms. Since the wings are used 
in attacking and escaping, and in begging for food by juveniles and adult females, 
and are also slightly spread when the bird is perched in very warm places, the 
evolutionary derivation of the display is not dear and is of no use in determining 
the do minan ce of attack or escape NBM^s. The characteristic infrequency of ad¬ 
vance or retreat during the display suggests a balance of attack and escape NBM's 
(2A). The frequency of the display in territorial border encounters between pairs, 
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suggests a balance of attack and escape NBM’s at those times (2C). Since fights, 
chases, and supplanting attacks were not commonly temporally associated with 
Wing-spreading, they do not supply evidence for a dominance of either attack or 
escape NBM’s (2B). Consequently, there is not a good argument for conspicuous 
dominance of either the attack NBM’s or the escape NBM's. Furthermore, the 
evidence cited under the discussion of Wing-spreading in the section on Postures 
and Movements suggests that because of the heterogeneity of the contexts in which 
it occurs Wing-spreading cannot be characterized simply by one combination of 
two groups of behavioral NBM's, but is correlated with a wider variety of behav¬ 
ioral mechanisms. 

Attach and escape NBM^s in some vocalizations, —Of the criteria in table 25, 
only Criterion 2B is useful in assessing the strength of attack and escape NBM 
activation during vocalizations. Criterion 2A cannot be used, because no vocaliza¬ 
tion is necessarily a part of the definitive acts of attack or escape. Criterion 2C is 
of little use, partly because the spatial contexts of the different vocalizations are 
largely the same; all are most common within the caller’s own territory. Therefore, 
by elimination, only the criterion of temporal proximity to the definitive acts of 
attack and escape (2B) is useful, with but few exceptions. 

In singing jays which were not engaged in courtship, activation of escape 
NBM’s was indicated by the fact that the Song was commonly elicited by the 
approach of a person (2C). Since the singing jays did not leave in response to 
danger, another behavioral NBM was probably in conflict with the escape NBM’s. 
Neither NBM could be interpreted as being dominant. 

A characteristic dominance of the attack NBM’s during the utterance of Battles 
and Musicals is suggested by their frequent performance before or during sup¬ 
planting attacks (2B). In this respect Battles and Musicals differ from Gutturals, 
which, though given within a similar range of crest angles, are generally dissoci¬ 
ated from actual attacks. 

A similar comparison may be made between ShooV^ and Wah% for which the 
modal crest angles are both 70 degrees (fig. 8). In 60 supplantings, Shooh^s were 
used on 18 occasions and TFah’s on 6 (table 20). In 33 aerial chases, the attacking 
jay gave Shoo¥s on 5 occasions and Wa¥s on none (table 21). In 9 aerial fights 
Shook^s were given on 7 occasions and Wah^s on 2 (table 21). And in 154 cases of 
a dominant jay’s arrival amongst a group of subordinates at a picnic table, ShooFs 
were given on 53 occasions and Wah^s on 35 (table 18). These four types of evi¬ 
dence all indicate a generally higher probability of Shoots than of WaA’s accom¬ 
panying attack (2B). And they suggest that during Shook^s the attack NBM’s are 
often dominant. It should be noted also that all these situations frequ^tly involve 
calls given while the bird is in flight or just after alighting. 

When the same criterion (2B) is used for estimating the escape NBM’s in 
SfAoofe’s and Wah% a contradictory interpretation results. Of 22 occasions when 
calls were given in flight by jays “escaping” from the bander’s hand, 17 involved 
8hook\ and 4, WaA’s (table 22). After jays had alighted from these “escapes,” 
when the escape NBM’s might be expected to be less active, or at least not more 
active, WaA’s were given on 17 occasions and Shook*s on 2. When these data are 
considered alone, the escape NBM’s could be interpreted to be generally dominant 
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in both Shook^s and Wah'^ (2B), but more so in Shook’s, because they occurred in 
closer temporal proximity to the “escape/^ 

To complicate the situation still further, the predominance of Shook’s in Aggres¬ 
sive Sidling adds the uncertainties which are discussed above for that display to 
the factors to be considered in assessing attack and escape NBM’s. The predomi¬ 
nance of Wah’s in mobbing and in situations characterized by alertness is also 
difficult to interpret in terms of attack and escape NBM’s. A number of interpre¬ 
tations may be considered. (1) Other factors may be more important than the 
theoretical attack and escape NBM’s in the integration of Shook’s and Wah’s] or 

(2) , insufficient data may have led to the misapplication of the criteria used; or 

(3) both. 

The fii*st alternative requires one or more integrative mechanisms in addition to 
the attack and escape NBM’s. The correlations between the occurrence of Shook’s 
and the act of flying and between the occurrence of Wah’s and the act of alighting 
suggest two additional integrative phenomena which could contribute to explaining 
the observed behavior and which would delegate the attack-escape hypothesis to a 
level of lesser importance. This suggestion nicely fits the distribution of calls after 
release from banding, but the data in regard to supplanting attacks were not col¬ 
lected in such a way as to allow a test of it. That it cannot be the whole explanation 
is apparent, because Shook’s were commonly given by perched jays also, as in 
Aggressive Sidling. 

In regard to the second alternative interpretation, the misapplications of Cri¬ 
terion 2B, it is pertinent to reconsider the crest angle of some jays thought to be 
dominated by fear (escape NBM’s). These jays, which had been trapped and 
released into an aviary, hid silently and attempted to escape with the crest de¬ 
pressed when a man entered the aviary; but when they became accustomed to the 
aviary, their hiding was less intense, Wah’s were uttered, and the crest was raised 
in response to the same stimulus of a man entering the a^dary. It is reasonable to 
expect that as the jays became accustomed to the aviary, their fear of a man in 
the aviary either lessened or was in conflict with a greater confidence or attack 
NBM activation, which change produced the change in observed behavior. Since 
jays released from banding also gave Wah’s with the crest erect in an area to 
which they were accustomed, it may be argued by analogy (2C) that the escape 
NBM’s were not strongly dominant, as suggested by Criterion 2B, but were re¬ 
duced or in conflict with another NBM both in flight while giving Shook’s and after 
alighting when giving Wah’s, Consequently, occurrence of an act immediately 
after escape would not necessarily be a safe indicator of the strong dominance of 
the escape NBM’s i£ the escape took place withia the bird’s accustomed home aviary 
or territory. The usual increase in crest angle and tail-flicking in jays immediately 
after being supplanted (table 8) may also be explained by a similar hypothesis. 

When all factors are taken into consideration, the data favor the hypothesis that 
Shook’s may be characterized often by a dominance of the attack NBM’s, some¬ 
times by a closer balance between attack and escape NBM’s, and sometimes by 
dominance of escape NBM’s. Wah’s may be characterized by a balance between 
attack and escape NBM’s, but usually not by a strong dominance of either. In 
addition, the acts of flying and of alighting have an important effect on the inte- 
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gration of 8hoo¥s and Wah% as explained above. Therefore, the attack-escape 
theory is not in itself sufficient to explain the occurrence of Shook^s and Wah% 
but must be supplemented by the additional theoretical considerations just men¬ 
tioned. Furthermore, the criteria used to identify dominance of the escape NBM^s 
conflict in their implications, and one (2B) is probably unreliable for this purpose. 

The use of Too-leefs in supplanting (table 19) suggests a frequent dominance 
of the attack NBM’s (2B), but the frequent association of Too-leefs mth Aggres¬ 
sive Sidling (table 19) makes the interpretation of the call in terms of a simple 
combination of attack and escape NBM’s complicated. 

Since the Tee-ar was commonly given by a jay that was alone, from concealment, 
and at a considerable distance from the eliciting stimulus, it seems to be less often 
dominated by NBM’s for attack than the other calls given at similar crest angles 
{Wah, Shook, Too-leet) (2B). 

Because of the frequent association of the Growl with aggressive encounters 
(2B), jays giving this call are probably dominated frequently by NBM^s for attack. 

GENERAL ORGANIZATION OF AGONISTIC BEHAVIOR 

Analysis of agonistic behavior in the SteUer^s jay has revealed an impressive 
degree of variability; the behavior is not confined to a few stereotyped displays. A 
conspicuous feature of crest erection, tail-flicking, tail-spreading, Wing-flicking, 
and Wing-spreading is their lack of precise correspondence with specific vocaliza¬ 
tions and other activities. The use of vocalizations and displays in particular be¬ 
havioral contexts also shows an impressive amount of variation. Part of this varia¬ 
tion results from the difficulty of clearly and discretely categorizing complex 
behavioral contexts as observed in the field. However, even when this variable is 
reduced by considering only the correlation between more objectively estimated 
behavioral parameters, such as crest angle and tail-flicking intensity, the variation 
is so great that individual observations cannot be interpreted consistently as re¬ 
sulting from interactions of only two unitary behavioral NBM’s for attack and 
escape. 

On the other hand, average differences in the activation of certain behavioral 
mechanisms between different behavior patterns could theoretically be expressed 
by attack-escape NBM interactions. Individual observations, however, may not be 
interpreted safely from such average characterizations. For example, it does not 
necessarily follow that because Musicals are the most common calls during sup- 
plantings, the attack NBM’s must always be dominant at other times at which 
Musicals are given. And the high frequencies of ShooWs during attacks on other 
jays did not preclude ShooWs from being also the predominant call during escapes 
from the hand. 

In summary, the distributions of crest angles, tail-flicking, Wing-flicking, and 
some other characters show that the different vocalizations and displays are cor¬ 
related generally with different levels of agonistic arousal. Additionally, the differ¬ 
ences in use of calls in attack contexts show that the vocalizations are also correlated 
to some extent with differences in degree of dominance of the attack NBM’s. For 
convenience in discussion, the Shook, the Wah, the Tee-ar, and the Too-leet may 
be considered to have a high level of agonistic arousal, since the crest angles that 
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accompany them are mostly 60 or more degrees. The other vocalizations may be 
considered as a somewhat more heterogeneous group according to their crest angles, 
with low and moderate levels of agonistic arousal (crest angles mostly 50 degrees 
or lower). 

Within the group characterized by a high level of agonistic arousal, the calls 
differed in their frequency of association with attack. In all attack contexts 
Shook’s were conspicuously more frequent than Wah’s (tables 19,16,17, 20,18). 
And of the total number of recorded calls of each type, the proportion used in 
supplanting was higher for Shook’s than for Wah’s (table 19). Therefore, in gen¬ 
eral the Shook appears to be characterized by a higher average activation of the 
attack NBM’s than the Wah. The same tables also show Hiat the Shook was more 
closely associated with attack than were any of the other calls with a high level of 
agonistic arousal. Too-leet was generally less frequently used in attack contexts 
than either Shook or Wah, but of the total number of times that it was recorded, 
the proportion involved in attacks was higher than the proportion for either Shook 
or Wah. However, the number of observations (30) and the unsystematic way in 
which the observations were recorded, suggest caution in concluding that it rep¬ 
resents a higher attack NBM activation than does Shook or Wah. Tee-ar was rarely 
if ever associated with attack, being given mainly from a distance and from con¬ 
cealment. Therefore, in general the four calls which were given primarily at high 
levels of agonistic arousal may be arranged in order of decreasing average attack 
NBM activation as follows: Shook, Wah, Too-leet, Tee-ar. 

Within the group of vocalizations characterized by moderate or low levels of 
agonistic arousal, the calls also differed in their frequency of association with 
actual attack. In all attack contexts, the Musical was the most frequently used call 
by males, and the Rattle, by females. Gutturals and Ow’s were relatively infre¬ 
quent. The percentage of Growls used in attacks, as opposed to other contexts, 
was greater than comparable percentages for some other calls (table 19); but the 
number of observations (15) is too small to be reliable, and the call was less fre¬ 
quent than any of the other calls in the same group. 

The order of decreasing average attack NBM activation would then be, roughly: 
Musical (males) and Rattle (females), Growl, Gutturals, and the Ow. 

In r^ard to displays, the situation is simpler than for vocalizations. There is one 
display characteristic of high levels of agonistic arousal, which is Aggressive 
Sidling, and one characteristic of low levels, which is Wing-i^reading. Both are 
essentially stationary displa 3 rs and reflect a lack of dominance of attack or escape 
NBM's. Tail-flicking and Wing-flicking are roughly proportional to the intensity 
of agonistic arousal, as is crest erection. 

Neural Factobs 

Since the integration of agonistic behavior in any species can be understood com¬ 
pletely only by consideration of anatomical and physiological aspects in addition 
to the behavioral ones, it behooves the behaviorist worldng on the problems of 
behavioral integration to consider the relevant information from these fields. 
Fortunately, a considerable amount of research work is already available concern¬ 
ing the neural bases of agonistic bdiavior in the eat. (For a review of the literature 
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see HTinsperger, 1959.) In addition, work is now in progress on the hen (von 
Hokt and von St. Paul, 1960). Since in the cat, at least, the work till now has 
concentrated on the localization of behavioral function within the brain, the ana¬ 
tomical basis of agonistic behavior in that species is better known than in any other 
species. But because it is dangerous to make trans-specific comparisons, let alone 
trans-class comparisons, between cat and jay concerning neural anatomy and 
behavior, any insight into bird behavior gamed as a result of the research on 
agonistic behavior in cats must be general and of a highly tentative nature. 

The concept of agonistic arousal, as developed for the Steller’s jay, has a neuro- 
ph 3 raiological basis in the cat as follows: The areas in the cat’s brain which yield 
agonistic arousal include, a priori, all those which upon stimulation yield agonistic 
behavior. Although each of these areas (midbrain, hypothalamus, amygdala, and 
intervening pathways) has special properties of its own and yields rather different 
types of agonistic behavior, all have in common the property of agonistic arousal 
as manifested by such signs as arousal from sleep or arrest of other activities at 
the onset of stimulation, pupilodilatation, pilo-erection, flattening back of the ears, 
increases in the rate of respiration, increased blood pressure and motor activity, 
and the occurrence of vocalization. 

As in the jay, in which certain general indicators of agonistic arousal, such as 
crest erection, were found valid no matter what specific form of agonistic behavior 
occurred, so also in the eat, such general indicators as listed above (e.g., pupilo¬ 
dilatation, flattening of the ears) were found valid to various degrees no matter 
which area in the brain was stimulated, so long as agonistic behavior of one type 
or another was elicited. Therefore, in species as different as jay and cat, certain 
aspects of behavior may apparently be used as indicators of general agonistic 
arousal and the accompanying activation of the brain regions responsible for 
agonistic behavior without giving any information concerning what specific region 
within the zones of the brain for agonistic behavior is most active. 

Furthermore, increases in stimulus strength in experiments on the cat were 
proportional, within limits, to the observed strength of response of these indicators. 
Therefore, because of the generality of the relationship between strength of neural 
activation and strength of behavioral reET>onse in vertebrate nervous systems, 
it is logical to infer that the crest and similar indicators of agonistic arousal in the 
jay are also reflecting in an approximate way the strength of neural activation 
somewhere within the zones for agonistic behavior in the jay’s brain. 

It follows from the wide range of agonistic behavior patterns in cat and jay 
for which these indicators are valid, that attempts to identify them with certain 
patterns of activation of attack and escape NBM’s are dangerous. In the cat at 
least, there seems little justification for doing so, since the behavioral, anatomical, 
and ph 3 ^ologieal bases of these indicatora are so well known. 

The concept of agonistic behavior as a product of varying degrees of activation 
of attack and escape NBM’s finds little justification from the neurophysiolt^cal 
work on oats. The main obstacles to such a theory thus far are (1) the absence of 
a known zone for pure attack, and (2) the pattern of spatial representation of 
escape and defense behavior in the brain stem of the eat. The attacks which may 
be observed upon brain-stem stimulation are primarily of a defensive character 
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in response to an object thrust near them, and generally arise from a defensive 
threat posture. Under different experimental conditions and training procedures, 
it might be possible to obtain more typical attacks. 

The pattern of spatial representation of defense and escape behavior as found 
by Hunsperger (1956) consists of zones for defense in the midbrain and hypothala¬ 
mus, surrounded and connected by continuous zones for flight. In addition, flight 
and defense were obtained in the amygdala and one of its connections to the hypo¬ 
thalamus, the stria terminalis (de Molina and Hunsperger, 1959). The study dis¬ 
closed several differences between these various areas in the nature of the reaction 
obtained. Thus hissing was the typical vocalization from the hypothalamus, and 
growling from the amygdala. From this it can be seen that an anatomical basis 
exists to explain two of the tj^pes of vocalization accompanying agonistic behavior, 
and that the anatomical picture does not correspond to a pattern of differential 
activation of attack and escape loci, since it is already known to be more complex 
than required by the attack-escape theory. 

A third neurological finding that is not accommodated by the attack-escape 
theory in the eat is that so-called ^‘confidct behavior,” such as the defense behavior 
of cats, is typically elicited from a single electrode. It might be argued that the 
electrode lies between areas for attack and escape, but in fact such “conflict be¬ 
havior” is elieitable from extensive areas which are known to be surrounded only by 
a neural substrate for escape, or by regions which yield no agonistic behavior. 

In domestic fowl the neural organization of agonistic behavior appears to be 
possibly closer to that suggested by the attack-escape theory (von Holst and von 
St. Paul, 1960). First, in contrast to the cat, it was possible to find separate areas 
in the bird brain which would elicit attack and escape behavior. Secondly, as 
predicted by the attack-escape theory, simultaneous electrical stimulation, at mod¬ 
erate iatensities, of these areas which separately would elicit flight and aggressive 
peeking {Eacken) yielded a compromise behavior in which the hen remained as if 
clamped to one spot, neither advancing nor retreating. And in another experiment 
an intensification of the threat display was elicited by simultaneously stimulating 
a flight locus and an aggressive pecking locus (von Holst and von St. Paul, 1958). 
Although it is tempting to interpret such data as being in support of the attack- 
escape theory, the published information on such experiments at present is insuffi¬ 
cient to enable one to make a proper evaluation. 

In any case, the more fundamental question is, how’' does the CNS integrate 
agonistic behavior, not whether or not a particularly simple and pliable theorj" is 
neurologically correct. As there is no clear physiological evidence at present which 
can prove or disprove the attack-escape theory, research could more profitably be 
aimed toward the exploration of new concepts, with fresh approaches. 

SUMMARY 

Introduction 

The agonistic behavior of a population of SteUer s jays near Berkeley, California, 
in which 114 jays were color-banded, was studied from March, 1957, though April, 
1960. Mated pairs resided in their territories throughout the year. Territories were 
not strongly defended even in the breeding season. 
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Postures and Movements 

The two principal displays were Wing-spreading and Aggressive Sidling. Move¬ 
ments of the crest, wings, and tail are considered separately and in relation to one 
another and to the vocalizations. 

Wing-spreading was characterized by a moderately low crest angle. It was given 
in a variety of conflict situations not limited to conflicts between attack and escape 
mechanisms. The hypothesis is proposed that Wing-spreading may have been 
elicited by a wide variety of inputs or moods, because it had a relatively low 
threshold. 

Gaping and appeasement begging were uncommon and were generally re¬ 
stricted to low-ranking individuals. 

Both Aggressive Sidling and Sexual Sidling resembled the lateral display of 
Oarrulus, but had fewer components and were, therefore, less specialized. Aggres¬ 
sive Sidling differed from Sexual Sidling in its high crest angle, its frequent asso¬ 
ciation with calls termed Shook’s rather than Song, and its use as a threat rather 
than as courtship. Aggressive Sidling frequently followed fights at territorial 
boundaries. 

Erection of the dorsal feather tract, with depression of the crest, was observed 
only rarely, but it was common in one female which ranked low in the dominance 
hierarchy and was frequently rebellious. 

Displacement bill-rapping and digging were common during Aggressive Sidling 
and were associated with a high level of agonistic arousal, as indicated by crest 
angles especially. The type of displacement behavior shown was strongly dependent 
on the substrate. Displacement behavior graded imperceptibly into normal forag¬ 
ing behavior as aggressive encounters terminated. Bill-rapping is interpreted as 
derived from foraging movements rather than from the pecking components of 
attack. The hypothesis is advanced that displacement behavior results from intense 
arousal of CNS zones in which both threat behavior and the normal form of the 
displaced behavior are localized. 

Tail-fiicking occxu*red most frequently during mobbing and after alighting in a 
situation causing alertness; the crest was typically erect at these times. 

Wing-flicking was correlated with the higher intensities of tail-flicking, which 
were, in turn, correlated with the higher intensities of crest erection. On the basis 
of these and other evidences of coordination, the hypothesis is advanced that these 
behavior patterns share a common population of activating neurons and are 
differentially activated according to differing thresholds. 

The tail could be spread while being depressed, as in dow threatening ap¬ 
proaches, or while being flicked upward, as in mobbing. When the tail was not 
being flicked, the crest was higher when the tail was spread than when it was not. 

The angle that the leading edge of the crest made with the bill was used to 
estimate crest erection. The crest was generally depressed in courtship and court¬ 
ship feeding. Crest angles were largely independent of the degree of body-plumage 
erection; but during preening and sun bathing the angles increased in proportion 
to the degree of body-plumage erection (modes 30 degrees and 60 degrees respec¬ 
tively). '^en the jay was foraging or storing, with the bill in frequent contact 
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with the groTind, the crest was actively depressed. During more vigorous opening 
of acorns and during the taking of bait from picnic tables, the crest angle was 
more variable, and averaged somewhat higher (mode 30 degrees). 

The crest was raised primarily in agonistic behavior, being most consistently and 
fully erected during aerial combat (mode 90 degrees) and Aggressive Sidling 
(mode 80 degrees). In contrast, during simple supplanting the mode was 30 de¬ 
grees. No correlation between crest angle and sex of the supplanting jay, rank of 
the supplanting jay, or rank of the supplanted jay could be found in this type of 
supplanting encounter. When an increase in angle occurred during supplanting, 
the modal angles were 20 and 30 degrees before supplanting and 40 degrees after¬ 
ward. Increases generally occurred only when the opponent briefly resisted or was 
slow in leaving. Except in certain special contexts, primarily those associated with 
the lower range of crest angles, the generalization could be made that the extent 
of crest erection was roughly proportional to the degree of agonistic arousal, which 
itself was primarily dependent on the resistance of the opponent or other stimuli 
connoting danger to the jay. This relationship conforms with the general principle 
of economy of threat display: the intensity of threat display used in a given situa¬ 
tion tends to be proportional to the amount of resistance offered by the opponent. 

The modes of crest-angle distributions were similarly high for the following 
activities: alighting alone on a picnic table, supplanting by a direct flight from a 
distance, high-intensity tail-flicking. Wing-flicking, alighting for the first time 
after release from banding, alighting after being supplanted, and during the call 
designated as WaTi. In all of these activities the modal crest angle was 70 degrees, 
except for the supplanted jays, in which the angle was 60 degrees. All these activi¬ 
ties shared to a great extent the circumstance of the jay’s having alighted recently 
in a situation stimulating alertness. 

Vocalizations 

Males were recorded giving the six principal vocalizations used by both sexes, more 
frequently than were the females. The Musical and Too-leet calls were observed 
only in males, and the Rattle and possibly the Ov) were restricted to females. 

Vocalizations were generally most frequent in March and April, when most of 
the jays were in the courtship and preincubation phases of the reproductive cycle. 
The Tee^ar was the only exception, and reached a peak frequency a month or two 
earlier than did the other calls. There was a slight increase in vocal and reproduc¬ 
tive activity on warm sunny days in July and August, followed by the period of 
least vocal and reproductive activity from October through January. 

The Song was subdued in volume and characteristic of the male in courtship, 
but also given by both sexes when mildly disturbed after resting or while foraging. 
Turning of the head from side to side during the Song imparted a ventriloquial 
quality to it. In the group of calls characterized by low or moderate crest angles 
(modes 20-40 degrees) the Musical (male) and Rattle (female) were the most 
frequently used in supplanting and in direct threats at individual jays. Gutturals 
were common, but not in supplanting. Growls were uncommon, but a high propor¬ 
tion of them were used in supplanting. 

The calls within the group characterized by high crest angles (mode 70 degrees) 
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could be arranged in order of decreasing frequency of association with attack as 
follows: Shook, Wah, Too-leet, Tee-ar. 

Althongb Battles and Musicals were frequently used during courtship, they 
were used apparently as an aggressive response toward mates or other pairs, rather 
than as a purely sexual response. Practically the only call used in mobbing perched 
owls was the Wah; other calls used in mobbing groups of jays were generally given 
at jays rather than at the owl. Shook^s were given in response to hunting accipitrine 
hawks or flying owls. On several occasions the quality of the Shoots enabled the 
obsen’cr to predict successfully the presence of accipitrine hawks. 

Reactions of a jay upon hearing a vocalization or seeing a display were often 
more dependent on the dominance relationship between the two jays at that site 
than on the nature of the call or display. Therefore, the calls and displays often 
did not act as releasers, but served to concentrate attention on the active jay and 
to emphasize the existing or potential dominance relationship. The Shook some¬ 
times caused other jays and small passerines to take cover quickly. The Wah often 
attracted other jays either to an owl or to a food source, but it could also repel. 

Variation between individuals in pitch, syllabiflcation, and frequency of use of 
Musicals was conspicuous. Variation between individuals in frequency of use of 
Too-leefs was also conspicuous, the call being common among the jays in the south¬ 
ern part of the study area and virtually absent among the jays in the northern 
part. Variation between local populations in the syllabification of some calls, espe¬ 
cially those with a whistled quality, appeared to be common but could not be well 
documented. In contrast to the situation in Oarrulus, as reported, mimicry in the 
Steller’s jay was rare. 


Integration of Agonistic Behavior 

The term “integration” with reference to behavior is used in the sense of the 
coordination of effector units. Attention is focused on the biological integrative 
properties of the nervous system as opposed to the physical and chemical internal 
and external stimuli responsible for behavior. A principal assumption of the 
method of interpretation of behavior used explicitly in this paper, and implicitly 
by other authors, is that when the functional type of behavior re m a ins the same 
but its intensity increases, the activation of a population of neurons common to 
all the elements of that functional group of behavior patterns also increases. Brain- 
stimulation experiments support the validity of this assumption, but caution 
must be exercised in its use. 

Three primary types of criteria for recognition of activation of specific neuro- 
behavioral mechanisms (NBM’s) are discussed and used; (1) presence of com¬ 
ponent elements of the definitive or related acts, (2) temporal proxiniity of the 
definitive or related acts, and (3) presence of contexts typically associated with 
the definitive or related acts. 

Use of these criteria for the Steller’s jay is shown to lead to contradictory con¬ 
clusions. For instance, Shook was both the most frequent call during aerial chasing 
(attack) and during flight from the banderis hand (escape). Such difficulties can 
be overcome with the use of other data; nevertheless, they suggest that extreme 
caution is required in attempts to characterize particular behavior patterns in 
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terms of a combination of attack mechanisms and escape mechanisms. Indeed, in 
this study, the more data became available, the less heuristic such attempts became. 

Information on the general organization of agonistic behavior derived from 
brain-stimulation experiments in the cat and the hen, supports the concept of 
agonistic arousal, but it is ambiguous with respect to the attack-escape theory. 
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SECONDS 
PLATE 1 

feonagiams o± the pimcipal calL o± the Stellei s ■ja\ ie< oided an Tildeix Regional Paik, 
Alameda Count's, California, 1959 Aitifacts and hackgiound noi&e aie paitieulaih <,on 
bpicuous in the sonagiams of the Battle, the Musical ^see pi 2), and the T*t a) (ste 
abo\e) the^ appeal as light, 'seitical Imes Tshieh tend to co'sei the entiie tiequem ^ range 
(^See e\iilanation of sonagiams undti Methods m the Intiodmtion ) 
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[BROWN] PLATE 2 



S£COMDS 


PLATE 2 

Sonagiams of the pimcii)al calls of the Stellei s jaj The change in tone quality of the 
Eattle nndwaj thiongh the call fiom an * o to an *^ah” sound is coiielated 'with an in 
ciease m the fiequenc^ lange of the indiMdual notes of the call Both the lo\s pitched 
"h oot ' and the high pitched "oot f oims of the Musical aie shown (&ee text and table 13^ 
Note the purei tone fnarro^\ei fiequencT band) of the Musical and the Tcc ai (pis 1 and 
2) which impaits a whi*?tled qualit\ to these calls 
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